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has proved that the destruction of all gas-form- 
ing bacteria is probable when free available 
chlorine residuals are maintained throughout a 
water distribution system. 

The best and surest method for maintaining 
such residuals is by Break-Point Chlorination, 
which also frequently results in taste and odor 
reduction. 

In making post-war plans for an improved 
water supply for your community, you will want 
full information on the application of this method 
in practical water plant operation. Ask your 
Wallace & Tiernan Representative for the latest 


data on this subject. 


“The Only Safe Water is a Sterilized Water’ 


WALLACE & TIERNAN 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Newark 1, New Jersey * Represented in Principal Cities 


Engl 
edent 


be YW] 
x | - 
sanitary research P 
4 wher 
that 
sider 
2 4 ords 
perhe 
| 
the fi 
eight 
tinuo 
COMPANY, ¢::ss 
the fe 
the 


+ 


JOURNAL 
OF THE 


AMERICAN WATER WORKS ASSOCIATION 


CopyRIGHT, 1945, BY THE AMERICAN WATER WORKS ASSOCIATION 


Reproduction of the contents, either as a whole or in part, is forbidden, 
aa unless specific permission has been obtained from the Editor of this JouRNAL. 
’ The Association is not responsible, as a body, for the facts and opinions 

advanced in any of the papers or discussions published in its proceedings. 


Vol. 37 


June 1945 


ROBABLY the most fundamental 

lesson to be learned from the hurri- 
cane of September 1944, particularly 
when considered in conjunction with 
that of 1938, is that weather records of 
150 to 175 years can no longer be con- 
sidered long-time records. 

Throughout the decade of 1930 the 
conviction had been growing that rec- 
ords which were started in Revolu- 
tionary days were but parts of cycles of 
perhaps 500 or even as many as 1,000 
years. The recurrence of a hurricane 
coming up the eastern coast to New 
England, six years after one unprec- 
edented in more than 125 years, put 
the finishing touch to the evidence that 
had been accumulating. 

The drought of 1930-1931 in many 
places surpassed all known records. 
For instance, in Lexington, Ky., 
eighteen months passed without a con- 


tinuous rainfall of 1 in. Not only did 
grass grow on the bottom of two of 
the four impounding reservoirs during 
the second season, but that grass 
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burned up from the sun and the con- 
tinued drought. 

In the winter of 1935-1936 all rec- 
ords for the extension of cold into the 
South went by the boards. A two 
weeks’ average of zero was experienced 
in the southern tip of Illinois, which is 
farther south than much of Kentucky, 
and frost penetrated over 5 ft. in a 
locality where services are ordinarily 
laid at 3 ft. 

In January 1936 flood records of 
175 years standing were swept away 
in Pittsburgh and the following year 
the same happened at Cairo, IIl., where 
for days the waters stood nearly 3 ft. 
above the top of the dikes surrounding 
the city—its complete inundation being 
prevented only by sand bags placed on 
the dikes as the flood crest approached. 

In 1942 concentration of runoff was 
experienced during flash floods in 
northeastern Pennsylvania which swept 
away dams that had stood since the 
days of early settlers. Runoffs of 
2,500 fps. per sq.mi. were indicated— 


)| 
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a figure several times that usually fol- 
lowed in design—thus rendering in- 
adequate the design of a large part of 
the spillways in this country. 

And so our second hurricane must 
have killed any lingering doubt regard- 
ing the lack of significance of our 
records as long-time ones. 

It is possible that we are now in a 
phase of the weather cycle which will 
bring hurricanes to the northeastern 
United States fairly frequently. In 
any event, as water works operators, 
we must prepare to keep service in 
operation with the minimum of outages 
under such conditions. 

What do the recent experiences 
along the eastern seaboard indicate the 
greatest weaknesses have been? What 
then are some of the things that must 
be done to prevent interruptions to 
service in the future? 

Before attempting to answer these 
questions, the author will review some 
recent experiences. 


Experiences in Westchester County 


In Westchester County the peak of 
the storm passed through between 8 
and 10 p.m. on September 14. A num- 
ber of rain gages showed totals of from 
4 to 5 in. for the 24 hours, including 
the storm. At the White Plains water 
plant 4.25 in. fell between 4 p.m. and 
midnight. The recording gage at the 
Scarsdale village hall showed a total 
of 4.95 in. for the day of the storm of 
which 4.85 in. fell between 5 p.m. and 
ll p.m. The greatest concentration oc- 
curred between 6:00 and 6:20 when 
0.65 in., at a rate of 1.95 in. per hour 
for twenty minutes, fell. Flooding, 
therefore, was not a serious factor in 
the storm’s destructive efforts. 

However, wind velocities of from 
80 to 95 mph. were reported. In the 
county thousands of trees were up- 


rooted and, in falling, broke an unde. 
termined number of power and tele. 
phone lines, including at least 200 mj. 
of main power lines. The utility com. 
panies and the highway departments 
of cities, towns and county, generally. 
reported the conditions to have been 
worse than in 1938. The worst dam- 
age, as reported to the Zone Co-ordj- 
nator of Mutual Aid for Water Sup. 
plies, took place in Mt. Vernon, New 
Rochelle, White Plains and Port 
Chester, in that order. 

Although the damage was greater 
than in the 1938 hurricane and inter. 
ruptions to elements of water systems 
were numerically extensive, these in- 
terruptions did not have a serious 
effect on service to any material num- 
ber of water users. 

The New Rochelle Water Co., Po- 
cantico Division, treatment and pump. 
ing plant was inoperative for two days 
because of lack of power. This plant 
was formerly diesel operated and would 
normally have had that power in te. 
serve, but a delay had occurred in ob 
taining a reduction gear replacement, 
The Pocantico system, however, was 
furnished from the Croton Aqueduct 
by the company’s station near Ardsley 
which usually pumps water to the New 
Rochelle division. 

The Westchester Joint Distric 
Mamaroneck plant was without electric 
power for one day but diesel engines 
were used with no interruption of sery- 
ice. The Rye Lake plant was also ou 
but the area was served from _ the 
Mamaroneck Plant while operating tt 
diesels. 

Power was off for one and one-hal 
days at the Larchmont treatment and 
booster stations but auxiliary unit 
took the load. Power was off for 
about one day in eight other plants but 
service was not interrupted, although 
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in a few cases, there would have been 
trouble if the outages had continued 
many more hours. In eight other com- 
munities power was off a few hours 
it elevated storage tided over the 


period. 


Path of Hurricane 


The 1944 hurricane pursued a con- 
jderably different path north of Long 
Island from the one in 1938. In 
the earlier storm the center passed 
through the middle of Connecticut, the 
westerly third of Massachusetts and 
fom the southeastern corner to the 
gorthwestern part of Vermont and 
into Canada. Areas to the east of the 
sorm’s center were much .more seri- 
ously affected than those to the west. 
As a result great damage was done in 
eastern Connecticut, Rhode Island, 
eastern Massachusetts and New Hamp- 
shire, but eastern New York state was 
less seriously affected. 

The 1944 hurricane center passed 
ff the tip of Long Island and across 
southeastern Massachusetts and thence 
gut to sea, south of Boston (see accom- 
panying map). In this case the dam- 
age in Connecticut was less and that 
in the Cape Cod and Buzzards Bay 
areas was much more severe than in 
1938. . 

In Rhode Island, which was near the 
center of the 1944 storm as it passed, 
only two plants were seriously affected. 

At Bristol a low dam separating 
salty tide water from that being sup- 
plied to the treatment plant was over- 
topped by the high tidal water, filling 
the reservoir with salt water. At New- 
port, one plant was without power for 
three days and auxiliary gasoline en- 
gines drove the pumps; at the other 
plant, steam pumps operated during a 
twelve-hour interruption of current. 
Water service was not interrupted at 
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Newport but at Bristol it took 48 hours 
to restore complete service by con- 
structing a 750-ft. flume from the | 
second reservoir upstream, thus by- 
passing the salted reservoir. 

In Massachusetts the hurricane 
reached its height after midnight of 
September 14. Reports to the State 
Health Department showed that at 6 
A.M. of the 15th, 36 communities in the 
Cape Cod and Buzzards Bay area were 
without electric power, and that 30 
other communities scattered over the 
state to the west of the storm center 
path were also without current. By 
11:15 p.m. the same night, reports from 
all points, including Martha’s Vineyard, 
Nantucket and Provincetown, indi- 
cated that all public water supplies in 
the state were in operation, that no 
source of public supply had been af- 
fected by flood waters and that in only 
two instances had mains been damaged. 

This was made possible because 
power companies restored power to 
pump stations where no auxiliary © 
power was available and, to a larger — 
extent, because in the Cape Cod and 
Buzzards Bay area all water systems 
had auxiliary motive power or regu- 
larly used diesel engines. Many of 
these auxiliary power units were in- 
stalled upon the recommendations of 
the State Department of Health fol- 
lowing the hurricane of 1938. 


Lessons To Be Learned 


To return to our questions, what are 
the primary weaknesses and what steps 
should be taken to prepare for the next 
hurricane, if and when it comes? 

In general, the things to be consid- 
ered and done fall into three cate- 
gories: (1) more reliability in sources 
of power and water; (2) more ade- 
quate interconnections between sys- 
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ems; and (3) greater amounts of ele- 
vated storage. 

Because of the limitations in the op- 
rtunities for getting large increases 
igelevated storage within feasible eco- 
nomic limits that item is discussed first. 
Obviously, from the viewpoint of the 
fre underwriters, there is no substitute 
quite the equal of elevated storage. 
Water in tanks in the air is ready at 
jj times to start for the place where 
tis needed without power and without 
yman assistance. But it is equally 
pyvious that when one is considering 
ach relatively flat areas as the greater 
srt of Long Island and Cape Cod it 
s “not in the wood” to hope for suf- 
jcient elevated storage to tide over 
pumping shut-downs of two or three 
days. In such locations it is expensive 
to provide a minimum of elevated stor- 
age in amounts approximating 20 to 30 
ser cent of the maximum daily demand. 
Even if three or four times that amount 
sould be reasonably provided, the total 
yould not approach that required dur- 
mg even a few days without power. 
Therefore, elevated storage can be 
counted on only to tide over shut- 
downs in the source of power or treated 
water of relatively short duration. 
Most of the successes in preventing 
limiting interruptions in service dur- 
ing the recent hurricane were due to 
the presence of gasoline, diesel or 
steam-driven auxiliary prime movers 
of the ability to supply a distribution 
system from more than one pumping 
station .and source of water. From 
this the lesson is learned by those who 
were not so equipped that such auxil- 
aries are as essential, under hurricane 
conditions, as the regularly used units 
themselves. 

In one case, that of Garden City, the 
plant was able to continue to operate 
and to help out adjacent communities 
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because its power sources were under- 
ground from a_ nearby substation. 
Such provision is, of course, highly de- 
sirable and should be undertaken 
wherever economically feasible. In 
most cases, however, pumping stations 
are quite remote or lie in sparsely de- 
veloped territory, so that such a re- 
quirement would be too costly to be 
practicable. For years to come the 
majority of pumping and treatment 
plants must continue to get electric 
power from overhead lines. Such 
power will, therefore, continue to be 
hable to interruption when high winds 
uproot trees by the dozens, as will in- 
variably happen in any hurricane. 

Auxiliary gasoline or diesel engines 
or standby steam pumps and _ boilers 
will not answer the call successfully 
when the emergency comes, if they 
have a relatively small capacity as 
compared to the regular load. They 
should be able to pump at least two- 
thirds of the normal average rate, in 
which case the usually reduced demand 
under the conditions following a hur- 
ricane and the normal amount in ele- 
vated storage will tide over several 
days when the electric wires may be 
down. It must be remembered that, 
while the job of restoring service to 
any individual plant can be done 
quickly, following a hurricane, or even 
a freezing rain storm, the area affected 
can be very large. The repair crews 
of the power companies, no matter 
how efficient, cannot be everywhere at 
once. Some one has to be last. There- 
fore, adequate reserve engine capacity 
must be provided. 

Furthermore, it is not enough merely 
to put in, connect up and then forget 
about auxiliary installations until the 
emergency arrives. Such units should 
be operated under load conditions for 
a few hours at least once a month. 


There are a number of things which 
can get out of order on such units and 
gaskets can dry out from non-use. 
When the pinch comes there is no 
time even partly to dismantle an engine 
for repairs. 

As was experienced in the last hur- 
ricane in at least one case, it may well 
be impossible to get additional fuel 
during the emergency. The majority 
of gasoline pumps depend upon elec- 
tric power to operate them and the 
circuit which feeds them will probably 
not be repaired as rapidly as that going 
to the water pumping station. It is 
essential, therefore, that sufficient fuel 
storage be provided for a number of 
days, and the more sparsely settled the 
territory in the vicinity of the station 
the greater should be such storage. 

Under any type of emergency in a 
water system it is desirable to be able 
to get water from more than one pump- 
ing station or well field. While it is 
true that a hurricane may put out two 
or more stations, it is equally true that 
the more stations one has to carry 
the whole load the greater the likeli- 
hood that one will remain operative. 
While it is not usual for stations to be 
connected to more than one source of 
supply, it sometimes can be done. 
Furthermore, stations which generally 
work in parallel from different sources 
of supply should be equipped to carry 
the whole load for short periods. In 
several cases during the 1944 hurri- 
cane, the ability to handle the demand 
from any one of two or more plants 
was what saved the day. 

It should be noted that one water 
system was subjected to great danger 
of contamination due to the breaking 
of a shallow well field suction line by a 
falling tree. The lesson learned here, 


therefore, is not to leave sizable trees 
where they can fall across shallow or 
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exposed pipelines, whatever may |x 
the function of such lines. 

The next greatest number of case 
where service was preserved following 
electric power failure was through j 
terconnections to adjacent systems, | 
some cases water was furnished fro 
one system through a second to a thir 
lving beyond. Certainly a valuable les: 
son is learned from such flexibility. 

It is true, of course, that in the ma 
jority of cases effective interconnee. 
tions are expensive to make. It cap 
be said generally, I believe, that where 
good sized mains of one system pas; 
through another or cross a large feeder 
of another, water works men connect 
their systems. But what of the usual 
case where the mains grow gradually 
smaller toward the outskirts of a dis. 
tribution system, and where it is thes 
small mains that are the nearest t 
equally small mains of the adjacem 
community’s distribution system? Ane 
what of the case where there is an ap. 
preciable amount of open country be. 
tween systems? 

First, it can be said that, if a syster 
has an adequate amount of elevated 
storage and there are chances for ; 
number of even 6-in. interconnections 
a great deal can be accomplished i 
making such storage last by connecting 
two or three lines. To be sure ther 
must be a proper pressure differentia 
or such a scheme will not work. I 
the tanks of one system must be sub- 
stantially emptied before there is : 
suitable difference in pressure, the 
small connections are not very effec 


tive. 

It is the author's belief, however 
that the lesson to be learned from th 
experiences recounted here is that ma 
terial amounts of money should 
spent to bring out to the edge of a dis 
tribution system a line or lines a} 
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nay pq enough to connect effectively with a matically feed the other when an 
similar line in one’s neighboring sys- emergency arises. Provisions of this | 
f cased tem, which latter, in co-operation, must type are highly desirable, as has been _ 
llowing also be willing to bear the cost of lay- shown by the experiences in the recent ; 
ugh ing ing an adequate line from its feeder hurricane. 
ms, Iq system. Futhermore, lines should be On the side of effective co-opera- 
d fron} jaid across intervening open country _ tion, the strides that have been taken 
a thir@ at joint expense when the distance is through the formation of mutual aid 
ible les not unreasonable. Such work is a_ plans and organizations should be ie! - 9 
ity. proper item to be included in postwar phasized. Many of the successful ef- at 
the maf plans. forts that were made to prevent serv- 
connec} In Scarsdale, although we can get ice break-down were possible because 4 
It can} water from four separate places, it of the defense measures that had been = 
t where] must be pumped by one of two pump- taken and the channels for co-operative _ 
m pasq ing stations. The village is, therefore, effort that had been established for aed 
> feeder} planning the future system to include that purpose. These should be — 
connect} a 16-in. line from the center of the served in some restricted but basic © 
€ usual} trunk main system to be available to form for use in natural disasters. he 
adually} connect to the junction of two 12-in. In closing it should be pointed out 
a dis} lines in the White Plains system, which that another fundamental lesson has say 
is thes] system has an 8-mil.gal. reservoir ata been learned from these hurricanes. — 
rest ti} higher elevation than the top of the That is, do not trust your luck too far. _ a ; 
djacen{ tanks at Scarsdale. The village is con- Simply because for years no emergency iy. 
? An(| sidering an arrangement of weighted has arisen which has not been met ’ 
an ap} check valves on two metered cross- without interruption of service, one mas: 
try bef connections between a planned elevated not justified in neglecting to take all 
tank and one with the same high water reasonable and practicable steps to 
syster} line in the New Rochelle Water Com- meet a still greater emergency that yet a 
levate(] pany’s plant, so that either will auto- may come. 
e 
ections 
shed ir 
necting 
e ther 
re Revocation of WPB Restrictions Affecting Water Utilities 
TK, 
be sul The War Production Board is going ahead rapidly on removing vari- 
e is | ous restrictive orders. All wartime restrictions established by the follow- 
>, the} | ing five orders already have been revoked: ; 
effec. 
L-39, affecting fire hydrants [.-252, affecting valves 
weed eb Schedule 1, affecting water sei affecting copper pipe and 
meters tubing 
om th} | [.-211, affecting steel pipe am 
lat me : 
fa dis 
s lage 


Hurricane 


AFTER approximately 60 hours of 
heavy rainfall, the hurricane struck 
Nassau County at about 7 :30 on Thurs- 
day evening, September 14. Wind 
velocities of between 75 and 90 mph. 
_ developed and persisted for about three 
hours. The total rainfall preceding 
and during the hurricane varied be- 
tween 8 and 9 in. oyer the county. 
Nassau County, lying between the 
Borough of Queens and Suffolk 
County, has a population exceeding 
450,000 and covers an area of 275 sq. 
mi. across Long Island. It has 42 pub- 
lic water supply distribution systems 
which serve 77.5 per cent of its area. 
_ Twelve of these systems secure water 
from adjacent systems. Water is ob- 
1 tained from over 300 wells. Power is 
supplied over a large area by the Long 
Island Lighting Co., with its principal 
_ plant at Glenwood Landing; by the 
Queensboro Gas and Electric Co., with 
a plant at Far Rockaway; and by two 
municipally-owned plants at Freeport 
Rockville Centre. 

During the height of the storm, 
power circuits were generally disrupted 
by the falling of trees and almost all of 

_ Nassau County was without current in 
lighting circuits beginning at about 8 
The two private power com- 
panies reported 60 of 75 major power 
circuits out of operation during and 
immediately following the storm. 

The Nassau County Department of 
Health, being the only agency in the 
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a Former Director, Div. of Sanitation, Nassau County Dept. of Health, Mineola, N.Y, 
: _ Presented on Jan. 17, 1945, at the New York Section Meeting, New York, N.Y. 


county whose police powers give it 
both responsibility and authority with 
respect to public water supplies, began 
a survey early Friday morning to de- 
termine the extent of damage and dis- 
ruption. Of the 30 supplies from 
which information was then or later 
obtained, 25 suffered interruptions in 
electric power supply. Of the remain- 
ing five, three depend entirely on diesel 
or steam power. Of the two unaffected 
and using electric power, one, Garden 
City Village, has part of its power 
cables laid underground. Eighteen of 
the 30 supplies have auxiliary power or 
power other than electric. Ten of 
these use such power regularly. 

The interruptions in power supply 
placed in distress ten of the supplies, 
one of which had no pressure in exten- 
sive residential areas for several hours. 
Emergency interconnections were used 
between eleven supplies within the 
county, seven being on the receiving 
end. The most satisfactory example of 
interconnection use involved Garden 
City Village which delivered water to 
the West Hempstead Water District 
and to Mineola, the latter in turn sup- 
plying Garden City Park and the Wil- 
listons. 

The system of emergency intercon- 
nections in Nassau County was studied 
by the county health department pre- 
liminary to the establishment of the 
state mutual aid plan and the system 
was greatly extended during 1942 and 
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1943. These 95 permanent connec- 
tions between distribution systems defi- 
nitely proved their worth in this emer- 
gency. [ven those not used repre- 
vented the finest kind of insurance to 
local water superintendents and many 
more would have come into use if the 
power failures had been prolonged. 

In the case of the Hicksville Water 
District, with all wells electric powered, 
the power went off early Thursday 
evening’ and water was obtained Friday 
morning from the Jericho Water Dis- 
trict, which was also without current 
or auxiliary power. Jericho, in order 
to protect its storage reserve, had to 
cut Hicksville off at noon. The Mead- 
owbrook County Hospital has a 50,- 
(00-gal. elevated storage tank supplied 
from Hicksville, and the health depart- 
ment thereupon notified the hospital 
to close the valve on the supply line in 
order to retain its water in storage for 
hospital use. 

Late on Friday afternoon, a distress 
call from Hicksville led the health de- 
partment to arrange with the Grum- 
man Aircraft Engineering Co. at Beth- 
page for a temporary connection. This 
was accomplished by two lines of fire 
hose to a valved-off section of the Cen- 
tral Park Water District main and 
thence through an existing intercon- 
nection to the Hicksville system. This 
connection was in use from 8:32 P.M. 
Friday to 4:15 a.m. Saturday and de- 
livered about 500 gpm. This emer- 
gency arrangement could have been 
avoided if proper liaison had_ been 
maintained with Jericho where power 
was restored at 7 p.m. Friday. How- 
ever, all telephone lines were down and 
the health department maintained com- 
munication through police radio cars. 

The Citizens Water Supply Co. sup- 
plies the Great Neck and Kings Point 
areas and is wholly dependent on elec- 
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tric power. 
Thursday evening until about 6 P.M. 
Friday. On Friday an interconnec- 
tion with the Manhasset-Lakeville 
Water District was used to keep some 
pressure in the lower areas of the 
Great Neck system, although the pres- 
sure differential against the lower Man- 
hasset-Lakeville system made it im- 
possible to maintain pressures in the 
high Kings Point area. 

Just before the hurricane, the Citi- 
zens Water Supply Co. had installed a 
chlorinator at its main station under 
an order of the county health depart- 
ment. This requirement had been im- 
posed because the supply at this sta- 
tion is secured in part from a shallow 
well field with extensive surface suc- 
tion lines located in the delta of a small 
stream discharging to Little Neck Bay. 
Our concern had been with the possi- 
bility of corroded well casings or leaky 
suction lines admitting surface water 
which could not have been readily de- 
tected until damage might have been 
done. 

On Friday noon, the author visited 
the pump station and left instructions 
that, upon resumption of pumping, the 
new chlorinator was to be turned on at 
maximum dosage and so operated until 
all conditions had returned to normal. 
It was not until several days later when 
the health department learned that a 
large tree in the well field had been 
blown down, and its roots had dis- 
placed a suction line which admitted 
surface water in quantity. Since no 
gastro-enteritis was reported from this 
area, it is to be assumed that the in- 
stallation of this chlorinator was justi- 
fied on its very first use. 

Another interesting byproduct of the 
storm came to light at the Village of 
Freeport. The storm followed a very 
long period of no rainfall, broken by 
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the unprecedented precipitation accom- 
panying the hurricane. The local water 
superintendent, Alvin G. Southard, 
had recently been instrumental in ini- 
tiating a sampling routine through con- 
tract with a private laboratory, and a 
set of samples had been collected dur- 
ing the heavy rain and just before the 
hurricane on Thursday. The labora- 
tory results were reported after the 
hurricane and indicated extensive coli- 
form pollution of the system. Re- 
check samples were immediately ob- 
tained which showed that the contami- 
nation had diminished but was persist- 
ing, especially in the extremities of the 
system, indicating that the bacteria- 
laden water was being displaced by 
clean water from the well sources. 

Theories as to sources of the pollu- 
tion were carefully checked and elimi- 
nated, including the calgon solution 
(sodium hexametaphosphate ), the pos- 
sible surcharging of a storm drain 
close to one of the wells, cross-connec- 
tions at the power plant, etc. Finally, 
the assistant sanitary engineer of the 
health department, Arthur H. Her- 
berger, climbed to the top of the mod- 
ern, elevated, million-gallon steel stor- 
age tank and there discovered an 
obvious but disconcerting explanation 
of the trouble. 

This 175-ft. tank, in the top of which 
the water is aerated, has a solid steel 
roof shell with a channel iron forming 
a gutter completely around its outside 
lower rim. Immediately below the 
gutter is a ventilating opening clear 
around the tank, properly closed with 
a heavy copper mesh screen. How- 
ever, the roof and gutter are of such 
diameter as to fit inside the vertical 
tank wall and screen. Consequently, 
the gutter, with holes drilled every 
foot, discharged the roof drainage di- 
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rectly into the stored water rather than 
to the outside walkway. 

Freeport has its quota of pigeons, 
starlings and dust-laden atmosphere 
and it is to be presumed that a good 
many pounds of bird manure accumy- 
lated on the tank roof and gutter dur- 
ing the dry period. This was suddenly 
and thoroughly washed into the tank 
by the heavy rains preceding the sam- 
pling and was carried throughout the 
distribution system. Such contamina- 
tion had no doubt occurred many times 
before, but the sampling was so infre. 
quent that it had not been revealed, 

This sanitary defect was promptly 
remedied by plugging about two-thirds 
of the gutter holes and bushing in 
drainage pipes to the remaining holes, 
The pipes were bent with an offset s 
as to pass through cuts in the wire 
screen and discharge onto the walk. 
way. The tank was then thoroughly 
disinfected with chlorine, emptied, re- 
filled, again chlorinated, refilled and 
returned to service. 

A somewhat similar instance of con. 
tamination was discovered at Williston 
Park following the storm. Distribu 
tion system samples showing coliform 
organisms led to an investigation whic 
indicated the possibility of avian pollu. 
tion. When the roof of the elevated 
storage tank was examined, it wa 
found that the force of the hurricane 
had apparently thrown the 
hatch cover open and made the 
terior of the tank accessible to bird 
for a period of several weeks, thw 
accounting for the pollution in the dis 
tribution system. 

It was in the areas of Nassau Count 
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were dependent on electric current not 
only for the operation of private well 
pumps but for water with which to 
drink and cook, to flush toilets and to 
§ll furnaces and hot water tanks. The 
lighting companies were inclined to 
center efforts in the restoration of resi- 
dential circuits to the more densely 
settled areas where water supply, being 
public, was not a problem. Conse- 
quently, there were many scattered 
residences, amounting to many hun- 
dreds of families, who were without 
power, water and sanitary facilities for 
over two weeks. It is the opinion of 
the health department that, in another 
similar disaster, the county commis- 
sioner of health would declare an 
emergency under his special police 
powers and issue an order upon the 
power companies requiring them to 
give priority, in the restoration of local 
circuits, to private water supply areas 
over those having functioning public 
water supplies. 

From the health department point of 
view, public water supply in this in- 
stance was only one of many emer- 
gency problems. The early Friday 
morning survey revealed only six milk 
pasteurizing plants out of 24 able to 
operate. Refrigeration was off, not 
only in homes, but in large and small 
food stores all over the county, neces- 
sitating quick action by department in- 
spectors to get natural and dry ice 
supplies into use wherever possible 
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NASSAU COUNTY 
and, later, to condemn perishable foods, 
especially frozen foods and ice cream 
stocks. Sewage treatment plants and 
pumping stations suffered just as im- 
mediately as water supplies, but were 
considerably lower in order of priority 
in having power restored. The health 
department even had one very sharp 
complaint from an annoyed citizen who 
couldn’t operate his electric razor. 

Relations with the power companies 
were close, co-operative and mutually 
helpful. After the storm, however, it 
was necessary for the health depart- 
ment to remind some water superin- 
tendents of their obligations under the 
state sanitary code to report to the 
health authority all emergency changes 
affecting the sources or quality of their 
respective water supplies. Some failed 
to realize that the health department, 
with an over-all engineering view of 
the situation, was able to give needed 
direction in the use of interconnections 
and in the public health aspects of 
other emergency measures, and to share 
somewhat the heavy responsibilities 
which fall upon water superintendents 
in time of disaster. 

This hurricane and its predecessor of 
1938 have provided quite a reservoir 
of experience in dealing with emer- 
gencies and in revealing the advantages 
of preparatory measures and thorough 
co-operation on the part of water sup- 
plies, power sources and health and_ 
other public officials, 


For a description of hurricane experiences in Massachusetts and Rhode 


Island readers are referred to the abstracts on pp. 593-594 of this issue. 
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ao Interruptions in Electrical Supply Along New 
Jersey Shore During 1944 Hurricane ~ 


and ae By Robert M. Cadman 
‘= Supt., Eng. Dept., Schedule Rating Office, Newark, N.J. 


Presented on Nov. 4, 1944, at the New Jersey Section Meeting, Atlantic City, NJ, 


emit afer the severe storm of 7. When used for emergency pump- 
Sept. 14, 1944, it was the author’s ing, steam should be kept at at least 
privilege to make an inspection tour one-half the required working pres. 
of the various water pumping stations sure, or the fire should be laid ready 
along the New Jersey Coast from Cape for lighting. 
May Point to Highlands. A report 8. Where electric current is  nor- 
of the findings is given in tabular form mally used for pumping, at least two 
on the following pages. separate sources of electric power 

In view of the experiences at these should be provided, one of which 
various plants the following recom- should preferably be a gasoline- or a 
mendations are suggested, which, if  diesel-driven generator. 
followed, should materially reduce the 9. Where pressure recording gages 
probability of interruptions to water are provided, they should be of the 


storm. breaks in the continuity of the records, 


10. Where coal, gasoline or oil are 

1. Emergency connections should be — ysed in an emergency, at least a five 
made with adjoining municipalities days’ supply should be provided. 
where practical. 11. Where gasoline or oil is used for 

2. In case of emergency, when cross- fuel for internal combustion engines, a 
connections are not available, 2}-in. least two methods should be used for 
hose lines should be laid from hydrant delivering the fuel to the engine. 


to hydrant in adjoining municipalities, 12. Where hydrants are _ installed 
preferably using an OCD or a fire de- near boardwalks or other structure 
partment pumper as a booster. that are liable to be moved in case of 


3. OCD or fire department pump- — storms, they should be protected in: 
ers should be used to pump water from suitable manner either by steel rail 
suction reservoirs into water mains set in concrete or by using hydrants 
when the regular high-lift pumps are with a weak joint in the barrel, the 


out of service. lower section to be set in concrete. 
4. Adequate cooling water should be 13. Where gasoline- or diesel-drive 

provided for internal combustion en- generators are not available for sup 

gines under all conditions. ‘ plying electric power, auxiliary right 


5. Storage batteries should be kept angle drive, gasoline-engine-drive 
at full charge at all times when they pumps should be installed for dee 
are to be used for starting gasoline en- well pumping, and auxiliary gasoline 


gines for emergency use. engine drive should be installed fi 
6. Standby units, when provided, high-lift pumps taking suction froy 
should be started once each week. reservoirs. 
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Salt Water 


By Garald G. Parker 


- Geologist in Charge, Geological Survey, U.S. Dept. of Interior, Miami, Fla, 
Presented on Nov. 13, 1944, at the Florida Section Meeting, St. Petersburg, Fla, 


HE U.S. Geological Survey, in co- 

operation with Dade County and 
the cities of Miami, Miami Beach and 
Coral Gables, and the Florida Geo- 
logical Survey, began an intensive in- 
vestigation of the ground water of 
southeastern Florida in the fall of 1939. 
This investigation was occasioned by 
the appearance of salty water in the 
Miami well field, near the Miami Canal, 
about 6} mi. inland from Biscayne 
Bay. 

One of the most important problems 
to be solved during the investigation 
was that dealing with the source and 
movement of salt water that had con- 
taminated the well field. Several ap- 
proaches were made to the problem, by 
means of which it was determined that 
the salty water had not come from 
bodies of connate water, nor directly 
from the bay at depth in the aquifer, 
but had found its ingress up the Miami 
Canal chiefly during times of low flow 
in the canal and high tides in the bay, 
and had moved laterally from the 
canal directly into the well field fol- 
lowing the gradient of the shallow cone 
of depression that surrounds the well 
field. 

It is the purpose of the author to dis- 
cuss the occurrence and principles of 
salt water encroachment as exemplified 
by conditions studied in the Miami in- 
vestigation. These principles, it is be- 
lieved, are generally applicable to other 


nt in Southern Florida 


coastal areas of Florida, even though 
the local geology is somewhat different, 
This paper is a record of further stud- 
ies of the general subject matter first 
recorded in this JOURNAL by Cross 
and Love (1). Readers who have q 
copy of the April 1942 issue should 
refer to this article. 


Physical Features of the Miami 


Area 


Miami is on the Atlantic Coastal 
Ridge—an irregular, low, sand-mantled 
limestone strip averaging about 6 mi. 
wide lying between the marshy Ever. 
glades to the west and Biscayne Bay to 
the east (Fig. 1). Biscayne Bay isa 
very shallow body of water separating 
the Coastal Ridge from the off-shore 
bar on which Miami Beach is built 
In several places uncontrolled drainage 
canals cut through the Ridge to the 
Everglades; likewise cutting through 
the Coastal Ridge between Miami ani 
Fort Lauderdale are several old dis 
charge channels now filled with sand t 
depth of about 100 ft. The Coast 
Ridge is scarcely noticeable as such 
It rises almost imperceptibly from th 
Everglades and falls gently to the bay 
Its altitudes average, perhaps, about! 
ft. above mean sea level. Highest el. 
vations are about 25 ft. above mea 
sea level and are near Cocoplum ral 
in Coral Gables on the western shor 
of Biscayne Bay, 
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Along the east side of the Coastal 
Ridge at Silver Bluff in Miami a low 
Pleistocene sea cliff having its base 5 
it, above mean sea level is developed in 
the Miami oolite. At the base of the 
diff is a wave-cut bench that slopes 
gntly out under Biscayne Bay. The 
jench extends north and south from 
Silver Bluff, and can be traced for 
many miles in Dade and southern Bro- 
ward Counties where U.S. Highway 
No. 1 follows along or near the old 
shore line (2). This feature is well 
preserved w here cut in limestone but 
has been destroyed where sand or 
other unconsolidated materials form 
the old shore. 


Climate 

Miami has a semi-tropical climate 
with an average annual rainfall of 
about 59 in. There are usually dis- 
tinct wet and dry seasons each year 
that last, respectively, from June 
through October and from November 
through May. The prevailing winds 
are from the southeast ; and transpira- 
tion and evaporation are very high the 
year around. 


Geology 


The structure and stratigraphy of 
the area are illustrated in Figs. 2 and 
3. Figure 2 is a generalized geologic 
cross-section extending in a_ north 
northwest-south southeast direction 
from the vicinity of Ocala to Florida 
City, a distance of about 300 mi. Fig- 
ure 3 is a generalized geologic cross- 
section about 29 mi. long extending in 
an east-west direction along the Tami- 
ami Trail (U.S. Highway No. 94). 

The principal geologic structure is 
the Ocala anticline, an elongated 
breached dome that reaches the sur- 
face in north central Florida where the 
Ocala prmestome crops out. In part of 
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the area the Ocala limestone is as much 
as 150 ft. above sea level. This anti- 
cline trends northwest-southeast and 
plunges to the southeast in southern a 
Florida. Younger formations lie upon _ 
the Ocala limestone, the eroded and : 
solution-riddled formation of Eocene 
age which forms the exposed surface of — 
the structure, and dip gently seaward 
in all directions. Under the Ocala — 
limestone are thousands of feet of cal- 
careous, dolomitic, anhydritic, gypsif-_ 
erous and halitic sediments of Eocene © 
and Cretaceous ages that extend to at 
least 13,512 ft., the depth penetrated | 
by an oil exploratory well near Sunni- — 
land, Florida (3). The basement com- 
plex of metamorphic and igneous rocks, 
which is supposed to underlie this part 
of the state, was not penetrated. 

Overlying the Ocala are the Suwan- 
nee limestone (Oligocene) and the 
Tampa limestone (Miocene), both of — 
which contain mineralized artesian 
water in southeastern Florida. Along 
with the Ocala they act as an artesian 
unit in which water is confined under 
sufficient pressure to cause it to rise- 
above the land surface in wells where-— 
ever the elevation is less than 50 ft. — 
above mean sea level (except in the — 
Florida Keys where the artesian head | 
is approximately at sea level). 

The Hawthorn formation of Mio- 
cene age comprises 400 to 500 ft. of — 
relatively impermeable materials, chiefly 
green sands and greenish colored silty, 
clayey or very fine sandy marls, with a _ 
few shell marl and thin limestone beds. 
It overlies the Tampa and older lime-_ 
stones and prevents or retards upward | 
percolation of the artesian water from — 
these limestones. 

Overlying the Hawthorn, in south- © 
eastern Florida, are two contempo-— 
raneous formations of Pliocene age, the _ 
Caloosahatchee and the Tamiami for- 
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mations. The Caloosahatchee forma- 
tion is a shallow ocean bottom deposit 
of low permeability that consists largely 
of clayey, silty and sandy shell marls. 
The Tamiami formation is composed of 
marine sandy limestone, calcareous 
sandstone and beds and pockets of 
quartz sand; it is one of the most 
permeable formations ever investigated 
by the U.S.G.S., ranking with clean, 
well-sorted gravel in its ability to trans- 
mit water. The permeability is due to 
the great development of a network of 
lution channels and caverns in the 
calcareous rocks of the formation. The 
formation is wedge-shaped in cross- 
section, thin toward the interior and 
thick toward the coast. It interfingers 
with the Caloosahatchee formation 
under the Everglades in the latitude of 
Fort Lauderdale. 

Overlying the Tamiami is the Miami 
odlite, of late Pleistocene age, cross- 
bedded to massive oOlitic limestone. It 
is highly permeable in a vertical direc- 
tion due to the large number of solution 
holes which penetrate it, but it has a 
much lower permeability in a_hori- 
zontal direction. Mantling the Miami 
olite, and filling solution holes in it 
and the underlying Tamiami formation, 
are permeable quartz sands of the 
Pamlico sand (late Pleistocene). 

This brief description of the geology 
of the area is given as a basis for an 
understanding of the occurrence and 
movement of ground waters described 
in the following sections. A more com- 
plete account of the historical develop- 
ment of the late Cenozoic geology of 
southern Florida is given in a report 
by Parker and Cooke (2). 

Ground Water 
General 

In southern Florida, water in wells 

which penetrate the ar f 
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tesian aquifers Ridge north of Delray. 


below the Hawthorn formation will rise _ 


above the land surface. The water is | 
hard, saline, sulfurous and, in south- = 


eastern Florida, is generally so ail 


rosive that it is unfit for use. Used as Be 
cooling water in condensers it corrodes 

the condenser tubes and over a period 
of time is more expensive to use than on 
treated water from shallow wells. The 2 
largest yields of artesian water in Pie 
southeastern Florida are from wells 
that range in depth from 800 to 1,200 
ft., and in southwestern Florida from | 
wells with depths of from 400 to 1,000 — 
ft. The artesian water in southwestern 
Florida is hard and sulfurous but gen- 
erally not too saline for many uses. 
Indeed, it is commonly used as drink-| 
ing water and for irrigation, especially 
in rural areas. 

Very little water is obtainable from 
the Hawthorn formation itself, although 
limited quantities under low artesian 
pressure occur in the more permeable — 
beds. The quality is generally very 
poor. 

The potable ground water supplies 
in southeastern Florida are obtained — 
from the formations that overlie the — 
Hawthorn; these are the Tamiami and 
Caloosahatchee formations of Pliocene — 
age, and the Miami odlite and Key 
Largo limestone of Pleistocene age. — 
The Tamiami formation is the most _ 
productive of these aquifers. It un- 
derlies the Atlantic Coastal Ridge as 
far north as Delray, and is the source 
of most of the water supplies in south- 
eastern Florida. ed 

Although the Miami odlite and part 
of the coralline Key Largo limestone 
are permeable, the largest supplies are 
obtainable from the underlying Tami- 
ami formation. The Caloosahatchee 
formation is important as an aquifer 
principally along the Atlantic Coastal 
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Fic. 2. Generalized NNW-SSE Geologic 
Cross-Section From Vicinity of Ocala to 
Florida City—Greatly Foreshortened 


Quality of Ground Water 


The ground water is similar in 
quality throughout the Tamiami and 
overlying formations except where con- 
taminated by salt water. The hardness 
ranges from 200 to 300 ppm. and 
averages about 250 ppm. Normal 
chloride concentration is from 15 to 30 
ppm. All the ground water is colored 
with organic matter, but in varying 
degree from place to place. The color 
is derived principally from peat, muck 
and other organic matter. Ground 
water in the Coastal Ridge and north 
and south of Miami has the same gen- 
eral chemical make-up as that in the 
Miami area except that it generally is 
softer and has a lower mineral content. 
(See Table 1.) 

In the Everglades west and northwest 
of Miami the highly permeable aquifer 
(Tamiami formation, principally) 
pinches out, and the quality of the 
ground water generally becomes poorer 
with increasing distance from Miami. 
This change in quality is due to several 
factors: (1) low permeability of the 
rocks underlying the middle and upper 
Everglades; (2) low gradients that 
cannot force ground water to move 
readily in these rocks of low permea- 
bility; and (3) there has not been 


‘ered this area in the late Pleistocene 


Fic. 3. Geologic Cross-Section Along 
Tamiami Trail (U.S. Highway 94), Dade 
County 


enough time since the ocean last cov- 


(Wisconsin glacial stage) for the rain 
water to flush out the sea water com- 
pletely. However, the quality of this 
water has been greatly modified, partly 
by dilution with fresh rain water and 
partly by chemical reactions—mainly 
of the base exchange variety—with the 
surrounding rocks and organic matter. 
There are extensive areas in the Ever- 
glades underlain by highly mineralized 
bodies of ground water above the Haw- 
thorn formation. 


The source of salt water contaminat- 
ing the ground water in southern 
Florida may be the ocean or sea water 
that entered the water bearing forma- 
tions prior to Recent time. 

Most of the salt water contaminating 
the shallow ground water in the coastal 
areas is derived from the ocean, either 
through canals and natural waterways, 
or through lateral and/or vertical move- 
ment at depth in the aquifer. In the 
interior some of the shallow ground 
water is contaminated by residual sea 
water that gained access to the water- 
bearing formations during the high sea 
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levels of the interglacial stages of the 
Pleistocene when the seas covered 
southern Florida to depths as great as 
250 ft. (4). Most of the sea water 
that invaded the formations during the 
Pleistocene has long since been flushed 
from the rocks of southern Florida, 
especially from the rocks underlying 
the Atlantic Coastal Ridge. During 
glacial stages, when sea level fell as 
much as 300 ft. below the present 
level, and possibly much more (5), 
these formations, which are highly 
permeable down to the Hawthorn for- 
mation, were flushed of their saline 
water by fresh ground water, and even 
the more permeable parts of the Haw- 
thorn were largely cleared of salt water. 
However, the less permeable parts of 
the formations, especially in the Lake 
Okeechobee-Everglades depression, 
were not entirely flushed. These highly 
mineralized waters generally 
trapped in the least permeable sedi- 
ments, or in lenticular or shoestring 
deposits of more permeable materials 
that are enclosed by relatively im- 
permeable clays or clayey marls. Their 
original chemical composition has been 
changed by dilution and by base ex- 
change (6) with enclosing rocks and 
with organic materials. Table 2 lists 
analyses of some of these highly min- 
eralized ground waters. 


Contamination by Canals 


Canals were dug in southern Florida 
to drain the swamp lands and thus 
make available for farming the millions 
of acres of lands that were perennially 
too wet. The program started near the 
close of the last century, received im- 
petus during the period 1910-1918 
when most of the major Everglades 
canals were dug and then received an- 
other boost about 1925-1927 during 


boom-time dev elopments. 


field i in Miami agri and Hialeah be- 


Prior to the drainage program water | 
levels had been high not only in the | 
Everglades but also under the Atlantic 
Coastal Ridge down to the very shore 
line. In the Everglades the land sur- 
face was usually below the water sur- 
face; and along the Atlantic Coastal 
Ridge, in the vicinity of Miami, the 
water table was so high that springs 
flowed in many places along the shore 
line at elevations up to 5 ft. above mean 
sea level. Thus, before drainage be- 
gan, salt water from the ocean was held 
in check by the high head of fresh 
water on the land, and salt water did 
not encroach because of the high dis- 
charge of fresh water. 

As a consequence of the cutting of 
the canals the water table was lowered, 
not only in the Everglades where the 
drop was readily apparent, but also 
under the rock surface of the Atlantic 
Coastal Ridge where it was not so 
easily noticed. The first well field of 
the city of Miami, which was located 
about 1$ mi. west of Biscayne Bay near 
the Miami River, became salted, and 
was, therefore, abandoned in 1925. 
Not long thereafter the springs that 
had formerly flowed perennially along 
the western shore of Biscayne Bay 
ceased flowing. This caused some tem- 
porary alarm, but no enduring concern 
—there was still plenty of fresh water. 

The lowered water table had, how- 
ever, decreased the amount of water 
available to discharge seaward through 
the canals during drought times, and 
when such times occurred salt water 
penetrated farther and farther inland 
up the canals. This penetration was 
not generally noted until April 1939, 
when the Miami Canal was first found «— 
to contain salty water as much as 10 
mi. upstream from its mouth. Soon 
thereafter, wells in the new city well 


| 
x 
| 
x 


came salted, and it was realized that 
the problem was critical. 
Salt water is heavier and denser than 
_ fresh water; so much so that a column 
of salt water 40 ft. high weighs the 
- same as a column of fresh water 41 ft. 
high. The specific gravity of fresh 
water is very nearly 1.000 and that 
for ocean water is about 1.025. 


of cone! 
permeable oaquifer 
Fic. 4. Cross-Section Showing Salt 


_ Water-Fresh Water Relationship in a Tidal 
Canal—Length of the Salt Water Wedge 
Variable up to Several Miles 


As a result of this difference in spe- 
cific gravity and in density, when salt 
and fresh water meet they tend to re- 
main separate, with a comparatively 
narrow zone of diffusion between the 
two, unless there is enough agitation to 
cause mixing. 

Thus, when salt water moves up- 
stream in a canal or river it creeps 
along the bottom. In an upstream- 
_ downstream vertical section it moves 
as an elongated wedge whose thin edge 
is directed upstream and whose length 
varies up to several miles. Over this 
_ salt water wedge fresh water may, and 
usually does, continue to flow seaward. 
(See Fig. 4.) 

: Under some conditions in the Miami 
area the direction of flow in the lower 
courses of the canals may be entirely 
reversed by high tides, and during 

' periods of from two to four hours out 

of each tidal cycle no fresh water flows 
a seaward direction. 
‘The amount of salt water gaining 
. access to a canal that empties into 
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ocean water, and the shape and di- 
mensions of the encroaching wedge of 
salt water are dependent upon many 
factors, such as the depth and width of 
the canal; its relative freedom from 
channel-clogging weeds; the stages of 
the tide and canal; the volume of fresh 
water flowing seaward; the direction, 
velocity and continuity of winds; and 
the presence or absence of control 
structures in the canal. 

The amount of salt water that 
escapes from the canal into the ad- 
jacent rocks is dependent upon several 
factors. Among these are: the capacity 
of the rocks through which the canal is 
cut to transmit water; the presence or 
absence of a layer of silt which, if 
present, may act as a relatively im- 
permeable seal which will prevent free 
movement of water from the canal to 
the adjacent rocks; the height of the 
water table adjacent to the canal com- 
pared to the height of the water sur- 
face in the canal. 

In southeastern Florida the rocks 
through which the canals are cut in the 
the Atlantic Coastal Ridge are of very 
high permeability and transmit water 
very readily. The amount of silting in 
the canals is variable both in time and 
place. In some parts of the canals the 
bottom appears to be well sealed by a 
deposit of calcareous mud, organic ma- 
terial and very fine sand. In other 
parts free exchange of canal and ground 
water takes place through the bottom. 
These conditions lead to salting of some 
areas along the canals, whereas other 
areas remain unsalted or receive only 
a small amount of salty water. Com- 
plicating natural conditions is the fae 
tor of pumpage. Where the effects of 
the draft on ground water extend to 
the canal, movement of canal water into 
the water-bearing formations may be 
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The following generalizations on salt 
water contamination are based on 
ground water studies made along that 
stretch of the Miami Canal between 
Northwest 36th and 54th Streets, a 
portion of which is usually reached by 
the cone of depression formed in the 
water table by draft from the Miami 
well field. Figure 5, a map of the area, 
shows a typical cone of depression in 
the water table. 

Figure 6 represents a geologic cross- 
section of this same area showing 
ground water conditions as they were 
before salt water made its first appear- 
ance in the canal in 1939. 

When salty water, in large quanti- 
ties, first reached this stretch of the 
canal, wherever the canal bottom was 
not silted too heavily, it penetrated 
downward toward the bottom of the 
aquifer. In doing so it constantly en- 
countered fresh water, and was as con- 
stantly diluted, until it finally reached 
the top of the relatively impermeable 
Hawthorn formation. With salt water 
remaining long enough in the canal, all 
fresh water directly under it disap- 
peared (Fig. 7) and saline water of a 
lessening degree of chloride concentra- 
tion (as the bottom was approached) 
completely occupied the former fresh 
water zone. The pumping of an aver- 
age of 30 mgd. in the nearby Miami 
well field caused a general southward 
movement of the salted body of water, 
as illustrated in Figs. 7, 8 and 9. 

At the close of the drought period in 
1939, the fresh water discharge in- 
creased and salty water in the canal 
was swept downstream beyond the new 
zone of contamination. But the salty 
water in the ground under the canal 
was not disposed of so quickly. It con- 
tinued to sink toward the bottom of the 
aquifer and to create a salt water 
mound on top of the Hawthorn forma- 
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Fic. 5. Map of Miami Well Field Area 
Showing Contours Representing the Water 
Table and a Typical Cone of Depression— 
Contour Interval 0.2 ft.—City Supply Wells 
Are Shown as Heavy Squares 


tion (Fig. 8). By dilution with the 
overlving fresh water from the canal 
and the surrounding fresh water on all 
sides as it was drawn toward the well 
field, the mound of salty water finally 
became entirely isolated from its origi- 
nal source and the water of greatest 
chloride content came to be at the bot- 
tom of the aquifer. 

Figure 9 shows a still later stage in 
the history of this salt water encroach- 
ment. The salty water is continually 
but slowly being diluted by fresh 
ground water, and also is being re- 
moved by pumping from the well field. 
If no further contamination occurs 
through the canal the final stage will 
be reached with a return to original 
conditions as shown in Fig. 6. 

Encroachment of salt water also 
takes place in areas along canals that 
contain salt water continuously. In 
such areas, however, the manner of 
salt water encroachment is the same as 
that which occurs at depth in the aqui- 
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Fic 6. Geologic Cross-Section Near 
Miami Well Field Showing Ground Water 
Conditions Prior to Salt Water Incursion in 
Miami Canal 


Figure 10 shows how residual bod- 
ies of salty water may contaminate 
fresh water of an overlying canal or 
other stream. The illustration repre- 
sents a section of the North New River 
Canal in its upper reach, south of the 
Bolles Canal. At a time when the 
North New River Canal is effluent, 
that is, its water level is lower than 
the adjacent water table and the canal 
is fed by the ground water, salty water 
from the Fort Thompson and Caloosa- 
hatchee formations leaks upward into 
the canal. Water from the land sur- 
face and from Lake Okeechobee is 
very low in dissolved minerals and the 
amount of chloride in the water, which 
may be used as a criterion of contami- 
nation, is generally less than 20 ppm. 
However, under effluent conditions it 
is not unusual for the canal water to 
contain as much as several hundred 
parts per million of chloride. During 
times when the canal is influent it may, 
and often does, carry water of less than 
10 ppm. chloride. 


Salt Water Encroachment at Depth in 
the Aquifer 


As this subject was rather com- 
pletely covered in a previous paper 
(7), only the principal elements in- 


volved will be discussed ls 
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Fic. 7. Geologic Cross-Section Near 
Miami Well Field Showing Salt Water jp 
Miami Canal and Probable Method of Con. 
tamination of Aquifer 


Because of its lower specific gravity 
and density, fresh water will “float” 
on a body of salt water much as an ice- 
berg floats on the ocean (8). Where 
conditions of equilibrium between fresh 
and salt water have been reached, there 
is a definite relationship between the 
height of fresh water above mean sea 
level and the depth to salt water. Stud- 
ies dealing with this relationship were 
made independently by B. Ghyben and 
A. Herzberg in Europe shortly before 
1900. John S. Brown (9) reviewed 
their work and applied it to his work 
in Connecticut. 

Out of the investigations of these two 
Europeans has grown the Ghyben- 
Herzberg theory. These studies show 
that in the coastal areas investigated, 
the depth to salt water is largely : 
function of the height of the water 
table above sea level and the difference 
in the specific gravity of the fresh water 
and the salt water. This relation i 
expressed by the simple formula: 
= t/g—1, in which h is the depth c 
the fresh water below sea level, ¢ is the 
height of the fresh water surface abor 
sea level, and g is the specific gravity ¢ 
the salt water. The specific gravity ¢ 
sea water differs somewhat from ott 
locality to another and may also be dé 
ferent at different depths. If the spe 
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Fic. 8. Geologic Cross-Section Near 
Miami Well Field Showing Conditions 
Several Months Subsequent to Salt Water 
Encroachment in Aquifer 


cific gravity of sea water is about 1.025 
and the water table or hydrostatic head 
is 1 ft. above sea level, the depth to the 
contact between salt and fresh water is 
according to the formula about 40 ft. 
below sea level. In other words, for 
each foot of fresh water above sea level, 
the fresh water extends 40 ft. below 
sea level. 

Investigations by the U.S.G.S. in the 
Miami area indicate (7) that the Ghy- 
ben-Herzberg theory is applicable, in 
general, to the shallow water-bearing 
formations along the coast of south- 
eastern Florida, and also that it ap- 
pears to apply, in general, to other 
coastal areas of the state. 

In the Miami area the long estab- 
lished equilibrium between salt and 
fresh water (see Fig. 11, 1910 contact) 
was upset by the lowering of the water 
table, and a new equilibrium is now in 
process of being reached. The 1:40 
ratio is applicable in the contaminated 
zone only where equilibrium has been 
reached, and then applies on the basis 
of an average water table height for the 
preceding few months. 

The height of the water table taken at 
any time or place within the contami- 
nated zone may not apply because the 
water table then and there may be higher 
or lower than the average for the past 
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Fic. 9. Geologic Cross-Section Near 
Miami Well Field Showing Late Stage sil 
Salt Water Encroachment in Aquifer : 


few months. It had been previously | 
pointed out by Wentworth (10) that an — 
adjustment of the equilibrium between — 
salt and fresh water to change in water | 
table lags far behind the time of water — 
level change because salt water can — 
only move in as fast as fresh water is — 
removed at depth in the aquifer. The 
Miami investigation confirms this. 
Thus the Ghyben-Herzberg theory can- 
not yet be applied at all distances back 
from the shore in southeastern Florida 
because not enough time has elapsed 
since the original balance was upset for _ 
the final balance to be reached. Also, | 
the ratio will not apply to conditions | 
some distance from the contaminated — 
zone even after equilibrium has been | 
reached, if the fresh water head is suf-_ 
ficient to hold the salt water contact at | 
a depth greater than the depth to the - 
bottom of the permeable beds. ' 
In Fig. 11 the section is normal to _ 
the shore at Silver Bluff, Miami, and _ 
shows approximately the successive — 
positions of the salt water-fresh water | 
contact from 1910 to 1944. The sec- 
tion is diagrammatic and does not 
necessarily represent conditions ex-_ 
actly as they were for the times shown. 
No detailed surveys of the salt water- 
fresh water relationship were made be- 
fore 1939, and the illustrations show- 
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North New River Canal Showing Canal in 
Effluent Condition and Residual Salty Ground 
Water Contaminating Canal Water 


ing conditions prior to 1939 are based 
on reports by persons who were living 
in Miami before that time, and upon 
the analysis of samples of water from 
a few wells in 1928. The years in 
which certain wells in the area first be- 
came noticeably salty are recalled by 
many owners. Thus, by checking and 
plotting reported conditions and by as- 
suming others, the salt water-fresh 
water contacts for 1910, 1918 and 1928 
have been worked out. The contacts 
for 1942 and 1944 are based upon ac- 
tual ground water studies. Even 
though the conditions as illustrated 
may not be absolutely accurate for the 
times given, they show the general 
conditions, and represent diagrammat- 
ically the manner in which salt water 
encroaches at depth in the aquifer. 
Figure 11, line 1910, shows the con- 
tact as it is assumed to have been in 
1910 before the average water table 
had been materially lowered. At many 
places along the base of the old Pleisto- 
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cene sea cliff perennial springs flowed 
at elevations up to 5 ft. above mean seq 
level. 

There is also reported the former ex- 
istence in Biscayne Bay of a well driven 
to a shallow but unknown depth which 
is said to have furnished fresh water to 
boatmen. How “fresh” the water was 
is open to question, but at least it was 
potable, thus indicating that salt water 
was not everywhere present under the 
bay as itis now. The marly bottom of 
the bay may have acted as an im- 
permeable layer and thus helped keep 
the overlying salt water in the bay from 
seeping into the underlying fresh 
water; the principal factor, however, 
was the relatively high head of fresh 
water at the shore line. 

Prior to the digging of drainage 
canals, a rather stable equilibrium had 
been reached between fresh water and 
salt water at depth in the aquifer. Al. 
lowing for an average of 5 ft. of fresh 
water above mean sea level very near 
the shore, the salt water contact would 
have been about 200 ft. below sea level. 
With the large fresh water discharge 
and fresh water head at that time, the 
salt water-fresh water contact may 
have been about as illustrated in Fig. 
11, line 1910, and no salt water would 
have been present in the aquifer in- 
land from the face of the cliff. 

Figure 11, line 1918, shows the con 
tact as it may have been about 1918 
The Miami Canal had been draining 
both the back country and the Atlantic 
Coastal Ridge since 1910, and had ma 
terially lowered the water level. As: 
result, several of the higher springs 
ceased to flow. With the lowering o 
the water table the salt water bega 
migrating inland. 

Figure 11, line 1928, shows the com 
tact as it may have been about 1928 
During the Florida boom, in the it 
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Fic. 11. Geologic Cross-Section of Silver 
Bluff, Miami, Showing Approximate Suc- 
cessive Positions of the Salt Water-Fresh 
Water Contact in the Interval 1910 to 1944 


terval 1925-1927, there was a con- 
certed effort to drain low-lying swamp 
lands that might be made into real- 
estate subdivisions, or sold for farm- 
ing. As a result, numerous canals 
were dug in this area which further 
lowered the water table. Some of the 
higher of the springs along the shore 
ceased flowing a few years after the 
digging of the Miami Canal, but soon 
after the completion of the boom-time 
canals all springs ceased flowing—be- 
cause the water table had permanently 
dropped below the orifices of these 
springs. 

This lowered water table probably 
rejuvenated the inland rate of salt 
water movement. Wells that had for- 
merly produced fresh water soon had 
to be abandoned. 

The position of the contact in Feb- 
ruary 1942 is illustrated in Fig. 11, 
line 1942, which is based upon inten- 
sive studies made of fresh water-salt 
water relationships in the Silver Bluff 
area. The contact, however, is not a 
sharp line; rather, a diffusion zone 
about 60 ft. thick was found in which 
the chloride content ranged from 50 
ppm. to 16,000 ppm. The 1,000-ppm. 
isochlor appeared to be the critical one 
with respect to the Ghyben-Herzberg 


theory and is the one used to illustrate — 
the contact in these drawings. In the 
diffusion zone the distance between — 
isochlors was found to be about as ~ 
follows: 


Isochlor Interval Distance A part 


100-200 


990-1000 
1900-6000 9 
6000-16,000 9 


Figure 11, line 1944, illustrates the - 
position of the contact in October 1944, 
and indicates a great acceleration a. 
the rate of salt water encroachment 
which is probably due to the exceed- _ 
ingly low average water table of 1943-_ 
1944. The salt front has advanced ap- 
proximately 2,000 ft. in about 27 
months, or an average of almost 890 
ft. per year. Based on records ending ~ 
in 1942, the inland movement had been 
estimated as 235 ft. per year (11). 
This accelerated rate may be only tem- 
porary; it may have occurred several 
times in the interval 1910-1942, but — 
since observations were not being 
made, it could not have been detected. 
It is entirely likely that if several years 
of excessive rainfall should ensue, the ~ 
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Fic. 12. Graph Showing Variation of 7 
Chloride in Well S330 at Florida Power & | 
Light Co. Plant Near Fort Lauderdale, 


Broward County, 1940-1944 oan 
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salt front would retreat somewhat. 
The Silver Bluff studies indicate that 
the inland encroachment of salt water 
at depth in the aquifer is not a steady, 
progressive movement, but is made 
haltingly by many separate advances 
interspersed with short retreats. How- 
ever, there is no reason to suppose that 
the general inland movement of salt 
water will not continue, for in the 
Miami area there is not enough height 
of fresh water present above mean sea 
level to halt this movement until the 
salt front advances about 5 mi. further 
inland. 

This same phenomenon of salt water 
encroachment is present at many other 
coastal cities in Florida, along both the 
Atlantic and Gulf coasts. A good ex- 
ample of one of these is in Fort Lauder- 
dale, on the Atlantic Coastal Ridge 
about 24 mi. north of Miami. The 
New River cuts through the Atlantic 
Coastal Ridge and is connected to two 

_ major Everglades drainage canals, the 
North New River Canal and the South 
New River Canal. New River dis- 
charge is uncontrolled and salt water 
is free to move in and out of its lower 
course at least as far as the Davie Lock, 
which is about 9 mi. from the New 
River Inlet. 

Although no intensive study has 

been made of this area, a periodic check 
on ground water in the low land of the 


_ since November 1940, by sampling the 
water from a well (S330) 35 ft. deep 
near the Dania plant of the Florida 
Power and Light Co. This particular 
area was selected because it was re- 
alized that when salt water encroach- 
ment occurred in the Fort Lauderdale 
area it would be first noticed in the 
aquifer along the New River. This 
well, because of its shallow depth, does 
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not contain the greatest chloride con- 
tent in the ground water of the area; 
if it were 100 ft. deep or more, it would 
doubtless show a much greater chloride 
concentration. 

The chloride in well S330, when 
first sampled on Nov. 19, 1940. was 
213 ppm. (See Fig. 12.) This shows 
considerable salt water contamination, 
for the chloride content of the water 
should have been about 20 ppm. to be 
normal. Doubtless it represents salt 
water remaining since 1939, at which 
time the Miami well field first became 
salted. In the interval from the date 
the well was first sampled to Jan. 28, 
1943, the trend was for the chloride to 
decrease, although many minor changes 
occurred, and the chloride content 
finally decreased to 53 ppm. Then the 
effect of the drought became evident, 
and by Oct. 6, 1943, the chloride 
content increased to 615 ppm. The fall 
rains of 1943 gradually reduced this 
concentration (pushed the encroaching 
salt water wedge oceanward) to 458 
ppm. by Apr. 4, 1944. Since that time 
the lowered water table and reduced 
flow in the New River has allowed salt 
incursion in the New River and North 
New River Canal as far west as the 
Davie Lock, and the chloride content 
of the ground water at the well has 
risen to 1,240 ppm. as of October 28, 
It is not known how far this tongue of 
salt water, moving at depth in the aqui- 
fer, has encroached laterally because 
no adequate studies have been made to 
determine it. Nor can it be foretold 
where this salt water encroachment 
will eventually come to an end in equi- 
librium with fresh water, for no stud- 
ies of water table average heights are 
available. Information of this kind re- 
quires observations over a period of 
vears. 
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Summary and Conclusions 


The drainage program of southern 
Florida, aimed at reclamation of swamp 
lands, has upset the delicate balance 
that exists between salt water and fresh 
water in the aquifer along the coast, 
and has generally lowered the water 
table almost to sea level several miles 
inland from the ocean. This has re- 
sulted in the incursion of salt water in 
uncontrolled canals at times as far as 
10 mi. from the source of the salt water, 
and has brought about local salting of 
ground water apart from the contami- 
nation that is taking place at depth in 
the aquifer. This latter form of salt 
water encroachment has moved land- 
ward in an uneven front, with lobes 
extending inland along some of the 
drainage canals for several miles. This 
movement is in direct consequence of 
a lowered water table, and is espe- 
cially notable along the Atlantic Coastal 
Ridge, where the fresh water head is 
no longer sufficient to prevent en- 
croachment of salt water. This move- 
ment will continue until a point is 
reached where the average annual 
height of the fresh water above mean 
sea level is sufficient to prevent further 
encroachment. 

Salty water from remnants of bod- 
ies of sea water trapped in the forma- 
tions during the Pleistocene is also a 
source of contamination. When canals 
passing above areas containing such 
saline bodies become effluent the up- 
ward movement of ground water 
through the bottom of the canal carries 
along with it some of this residual salt 
water. In some instances this raises 
the salinity of the canal water several 
hundred parts per million, and thus 
raises a serious problem for those who 
would depend upon the canal water 
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for industrial use or for municipal sup- 
ply. Examples of such canals are the 
North New River and Hillsboro. | 

The problems of salt water encroach- 
ment are not peculiar to southeastern — 
Florida, where they have received the 
most study, but are common to other 
coastal areas of Florida where drain- 


in lowering the water table. As time _ 
goes on, unless remedial measures are 
applied to restore water levels to— 


will become salted and 
damage will be done. , 


The author is grateful to his col-— 
leagues of the U.S.G.S. who have con- — 
tributed in many ways to the advance- — 
ment of the research in fresh water-salt 
water relationships made as a part of — 
the southeastern Florida water 
sources investigation. The ground | 
water data obtained by officials of the © 
cities of Miami and Miami Beach dur- | 
ing the spring and summer of 1939 © 
were especially valuable in the inter-— 
pretation of the conditions in the Miami 
area and the Everglades. The investi- 
gations of the Florida Geological Sur- 
vey in co-operation with the U.S.G.S. 
gave the broad background essential in 
the interpretation. Among those whose 
personal efforts have been of inestima- 
ble value are O. E. Meinzer, V. T. 
Stringfield, W. P. Cross, Russell H. 
Brown, Nevin D. Hoy, L. K. Wenzel, 
S. Kenneth Love, C. E. Jacob, H. A. 


Swenson and John E. sm i 
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Order U-1, the basic wartime regulation 
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Release 7950). 

Most significant change is the author- 
ization to utilities to construct additions 


to their facilities involving up to $25,000 
worth of materials without restriction 


from OWU. 

Coincident with the relaxation on con- 
struction, OWU revoked all the supple- 
mentary orders to U-1. These are U-1-a, 
U-l-c, U-1l-d, U-1-f, U-l-g and U-1-i. 
Another major amendment to Order U-1 
permits construction of plant improve- 
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ments necessary to render service in ac. 
cordance with “sound and _ economical 
operating standards.” Previously, the 
order limited improvements to those nee. 


essary to maintain service at “minimum 
standards.” 
The priority rating of AA-1 for ma 


terials needed for maintenance and repair 
and as operating supplies is _ retained 
Plant expansion involving materials cost 
ing between $10,000 and $25,000 is as 
signed an AA-3 rating. Plant expansion 
involving materials up to $10,000 retain 
the AA-1 rating of the old Order U- 
except that transmission and distributio 
materials and meters may be rated onl 
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HE Louisville area, as the term is 


used in this report, is composed of 


of Louisville, in 
County, Ky., and adjoining localities 
within a radius of several miles, in- 
cluding localities across the Ohio River 
in Indiana. Although the municipal 
water supply for Louisville is obtained 
from the Ohio River, for many years 
large quantities of water have been 
pumped from wells which draw from 
glacial outwash deposits that underlie 
the river valley. 

A study of ground water conditions 
in the area was made in 1937 and 1938 
by Woolsey M. Caye, Technical Engi- 
neer for the Commissioners of Sewer- 
age of Louisville. The study was be- 
gun soon after the flood in the spring 
of 1937 with the purpose of determin- 
ing the conditions causing basements 
to remain flooded and sewers to be 
overloaded after the flood had receded. 
Caye continued his study after 1937 
because he could see that the ground 
water supply is limited and that heavy 
pumping by air-conditioning plants and 
industries was beginning to dewater 
the ground water reservoir. In 1939 
he released a typewritten report en- 
titled, “Ground Water—Well Report.’ 
As part of this investigation and previ- 
ous work, fifteen observation wells 
were installed and periodical measure- 
ments of the water level elevations in 


the city Jefferson 


them have since been made by the 
Sewerage Commission and by the 
Louisville Engineering Department. 


of Ground Water in the Louisville 


Area, Kentucky 


gad, 


Since the war began in 1939, pump- _ 
age from the water-bearing materials _ 
has been increased by about 65 per | 
cent. Asa result of the heavy pump-_ 
age the water table in the ground wa-— 
ter reservoir has been lowered over the — 
entire area, and several large cones of | 
depression have been created in it 
around local areas of heavy pumping. — 
The water levels in a number of w ells — 
have dropped below pump _ intakes, 
necessitating their lowering and, in | 
some cases, deepening of the wells. | 
Because the water-bearing materials — 
are relatively thin, the yields of the 
wells have decreased as the water table — 
has declined. In some localities a criti-_ 
cal shortage of water has developed. 7 

As the problem became more acute — 
in the summer of 1943, the Geological — 
Survey, U.S. Department of the In- — 
terior, was requested to make an in- _ 
vestigation. Accordingly, in Septem-— 
ber 1943, an allotment of $7,500 from — 
the emergency fund of the governor of — 
Kentucky to the Geological Division | 
of the Kentucky State Department of 
Mines and Minerals was matched with 
an equal amount by the U.S.G.S. to 
provide funds for the work until June — 
30, 1944. In December an appropria- 
tion of about $2,100 by the city of — 
Louisville was matched by the U.S. — 
G.S. to provide funds for the drilling 
of twelve test wells and for additional — 
investigations. In February the U.S. — 
G.S. allotted an additional $3,000 from 
special war funds. 
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Since the investigation began the 
geology of the area has been studied 
and the extent of the water-bearing 
materials mapped. An inventory has 
been made of about 660 wells, includ- 
ing all the large wells and others fa- 
vorably located. A_ record of the 
amount of water pumped from all the 
wells during the past seven years has 
been compiled. All existing water 

vel records have been studied and a 
program of periodically observing 
depths to water in about 130 selected 
observation wells has been initiated and 
continued. A number of wells have 
been drilled and others repaired for 
observational purposes. All existing 
- data on tests of the specific capacities 
of wells have been studied. Several 
- pumping and recharging tests have 
been made to determine the permea- 
bility and specific yield of the water- 
bearing materials. Chemical analyses 
and temperatures of water from a num- 
ber of wells have been compiled, and 
- further investigation of the quality of 
the water is in progress. A large pro- 
gram of exploratory test drilling and 
experiments with artificial recharge 
has been started. 

The investigation has been under the 
- general direction of O. E. Meinzer, 
- Geologist in charge of the Division of 
- Ground Water. Data have been fur- 
~nished by the state geologist of Ken- 
_ tucky, the Commissioners of Sewerage 
of Louisville, the well drillers in the 
area, the WPB, individual well own- 
ers and many other interested persons. 


Inventory of Wells 


During the last three months of 1943 
-an inventory was made of all the wells 
in Louisville and its immediate vicinity 
and of representative wells in other 
parts of the river valley. The follow- 
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ing information was tabulated wher- 
ever available: location, owner, driller, 
altitude, log, casing and screen data, 
water levels, pump data, pumping test 
data, pumpage records, temperature of 
water and chemical analyses of water. 
Except for a few confidential records, 
this information is available to the pub- 
lic in the files of the Geological Survey 
at Louisville. 


Geology 


General: The greater part of the 
Louisville area lies in the Ohio River 
Valley on unconsolidated glacial out- 
wash and other river deposits of Pleis- 
tocene and Recent age. The valley was 
cut in limestone shale and tightly-ce- 
mented sandstone of Silurian, Devon- 
ian and Mississippian age, and is 
bounded on both sides by hills made of 
these rocks. The formations com- 
posed by these consolidated rocks are 
relatively uniform in structure and dip 
gently to the west. 

The physiographic expression in the 
area is controlled largely by the char- 
acteristics of the formations immedi- 
ately underlying the surface. The area 
is divided into four physiographic 
units: (1) the Ohio River Valley, 
which is directly underlain in most 
places by over 100 ft. of glacial out- 
wash and Recent river deposits, which 
sediments in turn are underlain by the 
New Albany shale of Upper Devonian 
age and limestones of Devonian and 
Silurian age; (2) the Scottsburg Low- 
land, formed on the easily eroded and 
impervious New Albany shale; (3) the 
Muskatatuck Regional Slope, which is 
directly underlain by limestones o 
Silurian and Devonian age; and (4) 
the Norman Upland, underlain by 


tightly-cemented sandstone and _ shale 
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formations of the Borden group of 
Middle Mississippian age (Osage). 

Nearly all of the large ground water 
supplies developed in the area are ob- 
tained from the glacial outwash de- 
posits underlying the river valley. 
Only small and usually insufficient 
supplies are obtained from the forma- 
tions beneath the glacial outwash and 
underlying the other three physio- 
graphic units. Results of a recon- 
naissance study of these consolidated 
formations indicate that they are not 
likely to be potential sources of large 
supplies of water of good quality. 

Ohio River Valley: At Louisville 
the river valley is over 6 mi. wide. 
Northward it narrows rapidly so that 
near Harrod’s Creek, about 8 mi. from 
Louisville, it is only 1} mi. wide. To 
the south of Louisville the valley 
gradually becomes narrower until at 
the south boundary of Jefferson 
County, approximately 19 mi. from 
Louisville, it is only about 1} mi. wide. 
The Ohio River flows through the cen- 
tral part of the valley in the northern 
part of the area and along or near the 
western margin south from Louisville. 
The elevation of the land surface of the 
valley ranges from about 425 to about 
475 ft. above mean sea level. Above 
the dam at Louisville the normal pool 
stage of the river is 420 ft. above mean 
sea level and below the dam the normal 
pool stage is 383 ft. Several small 
creeks and drainage ditches traverse 
the valley. 

During the Pleistocene epoch the 
melt water from the Wisconsin ice 
sheet and from the Illinoian ice sheet 
greatly affected the size, depth and 
position of the Ohio River Valley. 
The Illinoian ice sheet extended south- 
ward nearly to Louisville. The valley 
was eroded to a maximum depth of 
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nearly 130 ft. below the present land 
surface and then was filled with glacial 
outwash materials. 

Figure 1 shows cross-sections of the 
elevations of the surface of the bedrock 
beneath the glacial outwash deposits 
which underlie Louisville and vicinity. 
The figure also indicates the saturated 
thickness of the deposits as of Feb. 1, 
1944. A large well-preserved channel 
in the bedrock runs southwest under 
the area from the vicinity of the mouth 
of Beargrass Creek. The deepest part 
of this channel lies under Broadway at 
First Street, Dixie Highway at Wil- 
son Avenue and Cane Run Road near 
the southwestern industrial area, and 
is 110 to 130 ft. below the present land 
surface. The channel is approximately 
1 to 1} mi. wide north of Broadway 
and becomes wider to the south. The 
average gradient of the channel is ap- 
proximately 2 ft. to the mile. Tribu- 
tary and minor channels and high parts 
of the rock surface under Louisville 
and vicinity are defined by the con- 
tours. 

The bedrock rises abruptly from the 
channels beneath the valley and crops 
out at an altitude of approximately 
460 ft. along the marginal areas. New 
Albany shale crops out along the pres- 
ent river channel from about the mid- 
dle of New Albany, Ind., southward 
to about 1$ mi. south of the mouth of 
Falling Run. This shale was also en- 
countered in wells and borings drilled 
in the southwestern industrial area. In 
the vicinity of the distilleries along 
Seventh Street Road and in the Fourth 
Street area the bedrock encountered in 
wells is probably the Louisville lime- 
stone of Silurian age. East of the 
mouth of Silver Creek, at the Falls of 
the Ohio, the Louisville dam is em- 
placed upon the Jeffersonville and Sel- 
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KEY TO FIGURE 1 


Beargrass Creek 


2. Section D-D’ 11. Silver Creek 

3, Cane Run Rd. 12B& ORR. 

4 Algonquin Pkwy. 13. Penn. R.R. 

5. Dixie Highway & 14. Muskrat Creek 
Magnolia Ave. 15. Pond Run 

6, Section C-C’ 16. Municipal Bridge 

7. 7th St. 17. Main St., Section 

8. Broadway at Fifth A-A’ 
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19. Falling Run Creek 28. L&NRR 
20. Western Pkwy. 29. River Rd. 7 
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23. Dixie Highway & Cane Run Rd. 

Dumesnil St. 33. Dixie Highway Pi 
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26. 7th St. Rd. 
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lersburg limestone, of Middle Devon- 
ian age, and the rocks are exposed in 
the river bed at low water. 

The limestones which compose part 
of the bedrock are slightly to moder- 
ately cavernous and moderately frac- 
tured. Only a limited number of pro- 
ducing wells have been successfully de- 
veloped in these rocks, although nu- 
merous attempts have been made. 

The Pleistocene glacial outwash 
sand and gravel overlying the bedrock 
in general vary inversely in thickness 
with the elevation of the bedrock sur- 
face, the thickness ranging from a 
featheredge in the marginal areas of 
the valley to over 125 ft. in the main 
channel in the bedrock. Examination 
of over 100 logs of wells and borings 
drilled in the area show that the out- 
wash deposits are principally gravel 
and coarse-, medium- and fine-grained 
sand. Usually the gravel and sand are 
mixed, with gravel or coarse sand pre- 
dominating, and make up interbedded 
lenses of different mixtures which vary 
in thickness from 5 to 20 ft. Occa- 
sionally lenses of well-sorted medium- 
or fine-grained sand occur. Well- 
sorted lenses of gravel are extremely 
rare. The lenses contain varying small 
quantities of finer material but are not 
clay- or silt-bound. Clay and _ silt 
lenses are seldom present, and when 
present are thin. The gravel varies 


from granule to cobble size, and the 
particles are well rounded and worn. 
Occasional boulders encountered by 
well drillers were probably rafted down 
the valley with fragments of ice from 


the melting 
granitic and limestone particles pre- 
dominate in gravels, whereas the sand — 
is nearly all quartz with infrequent 
heavy mineral and limestone particles. 

A dense, gummy, blue clay is en- 
countered in wells in the northern part 
of Louisville and in Jeffersonville and _ 
New Albany. The clay varies in thick- — 
ness from 1 to 30 ft. and is thicker in 
part 
than in the northeastern and eastern 
overlies glacial 
gravels in the northeastern part of 
Louisville and in Jeffersonville but is— 
resting on the bedrock in the north- 
western part of Louisville and New 
Along the Ohio River bank 
on the northwestern side of Louisville 
the blue clay crops out just above the 


the 


parts. It 


Albany. 


ice 


northwestern 


sheet. 


New Albany shale. 


blue clay is not recorded in logs of © 
wells in other parts of the area and, | 
therefore, may be absent. 
was probably deposited in still water—_ 
possibly when the Ohio River was | 
dammed at some point in its course be- | 


low Louisville. 


The surface materials overlying the 
glacial outwash deposits of the valley 


Quartzitic, 


of Louisville 


outwash 


The presence of 


The clay 
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are composed of clay-bound silt and 
fine sand which has been deposited, for 
the most part, during floods of the 
Ohio River late in the Pleistocene and 
in the Recent epochs and, to a lesser 
extent, by the smaller streams in the 
area. These fine-grained deposits vary 
in thickness from 10 to 50 ft. The 
banks of the Ohio River are plastered 
with silt and clay, and the bed of the 
river is silted up in part of its course. 


Quality of Water 


Table 1 gives the important chemical 
characteristics of the waters from the 
glacial outwash deposits and the bed- 
rock directly beneath them. The 
analyses were made by the Quality of 
Water Division of the U.S.GS. 


Range in Mineral Content of Louisville Area 
Ground Waters, ppm. 


berof | Mini- | Maxi 
Mean 
yses 
Total dissolved 
solids 1,240 | 571 
Silica (SiO2) 17 10 21 Li 
Iron (Fe) 66 0.0 6.9 0.7 
Calcium (Ca) 17 57 206 | 127 
Magnesium 
(Mg) 17°| 18 63 | 39 
Sodium and | 
potassium 
(Na and k) 17 | 5.9 172 | 20 
Bicarbonate 
(HCO;) 66 | 118 534 | 367 
Sulfate (SO,) 66 15 371 | 133 
Chloride (Cl) 66 o 242 | 34 
Nitrate (NO;) 66 0.0 60 0.6 
Fluoride (F) 17 0.1 0.4 0.1 
Hardness 
(as CaCO;) 66 | 126 773 450 


Although a few wells drawing water 
from the underlying consolidated for- 
mations yield water of a quality com- 
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parable to that in the glacial outwash, 
most wells which have been drilled 
into the bedrock have yielded highly 
mineralized water. 

The water in the Ohio River has 
less mineral content than the ground 
water and is considerably softer. Its 
quality fluctuates somewhat with the 
flow of the river. 

The reported temperatures of the 
water from over 100 wells range from 
about 54° to 63°F. and average 58°F. 
Under normal conditions the tempera- 
ture fluctuates very little during the 
year, which for cooling purposes gives 
the ground water a great advantage 
over surface water during the summer 

The temperature of the river 
ranges from a minimum of 
32°F. in the winter to a maximum of 
86°F. in the summer and _ averages 
about 59°F. The temperature of the 
river water is higher than that of 
ground water during about six months 
of each year. 


season. 


water 


Pumpage 

As a part of the inventory of wells, 
a record was obtained of the pumpage 
from all the wells for the years 1937 
through 1943. The survey showed 
that about 10 per cent of the with- 
drawals were metered, about 20 per 
cent came from wells for which the 
owners kept good records of operation 
time and discharge of the pumps, and 
the remaining 70 per cent came from 
wells for which both the periods of op 
eration and the discharges had to be 
estimated. 

Table 2 shows the estimated aver 
age daily pumpage by industries from 
wells for each year from 1937 through 
1944. The table does not include a 
estimated 0.25 mgd. for irrigation o 
truck f immediately south o 


farms 
Louisville. Also it does not include 
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glacial outwash deposits north of the 
Ohio River in Indiana, because it is 
possible that infiltration from the Ohio 
River makes these deposits a separate 
source of ground water supply from 
that under Louisville. 

Although the pumpage is reported 
as the daily average for the 365 days 
of a year, the daily average during the 
summer months is estimated to be at 
least 10 to 20 per cent greater. The 
increase in pumpage during the sum- 
mer is especially pronounced in the 
Fourth Street business district, where 
most of the water pumped is used for 
air-conditioning. 


Fluctuations of Water Levels 


The 1937 flood of the Ohio River 
covered a large part of the valley and 
practically filled the ground water 
reservoir. At Louisville, basements 
and sewers were flooded by the ground 


TABLE 2 
Estimated Average Daily Pumpage by Industries From Wells in Louisville Area, mgd. 
Number | Number 
| | 1937] 1938] 1939] 1940) 1941) 1942] 1943] 1944] August) January 
1944 1944 

Distilling 14 42 6.2| 6.1) 6.5) 10.5) 14.9) 16.7|17.2}10.4| 17.0 | 
Rubber Manufacturing 6 39 46170199) zie 
Metal Working 15 27 1.6] 1.6} 1.6} 1.6} 3.3} 3.8] 3.9] 3.7) 4.3 
Oil Refining 5 13 4.9] 4.9] 4.9] 4.7) 4.6} 4.6} 3.9] 4.2] 4.1 
Brewing 3 9 | 5.3} 5.6) 5.3) 5.2) 4.1] 4.1) 3.8) 3.6) 38] 29 — 
Air-Conditioning, 

Refrigerating 93 103 4.0} 4.0) 3.9} 3.9} 3.8) 3.8] 3.7] 3.7] 8.3 
Ice Making, Cold eee 

Storage 9 20 | 4.1] 4.1] 4.1) 4.2) 3.6} 3.2} 2.9) 2.9) S54] 1.1 
Dairying 14 21 2.2] 2.2): 2:2) 2-2) 2.1 
Meat Packing 10 21 2.4) 2.4) 2.3} 2.2) 2.2] 2.1] 2.0) 2.1) 2.0 1.9 
Tobacco Processing 4 10 2.51 2.6) 2.5) 2.2) 2.9) 2.7) 1.0 
Gas and Electricity 2 5 0.8} 0.9} 0.8} 0.8) 0.8} 0.8) 0.9) 0.8) 0.3 1.7 
Food Manufacturing 14 18 0.7; 1.0) 1.5} 1.3} 1.2] 1.1} 0.8] 0.7] 1.0 0.5 
Miscellaneous 20 24 1.9] 1.9} 2.0] 2.4) 2.6) 2.0] 1.9) 1.9} 2.1 1.6 

TOTAL 209 352 | 36.6) 37.3) 37.6) 41.2|45.4| 50.8|61.5|57.0} 79.0 

about 4 mgd. that is pumped from the water. As a result many “dewater-_ 


ing” pumps were operated heavily and oe 
natural springs along the river devel- 
oped to assist in the rapid lowering of 
the water table. 

The principal fluctuations of the wa- 
ter levels in wells in Louisville and the _ 
adjoining industrial areas are caused 
by pumping. However, in the w ells 


the river and in those located in the 
southern rural area the principal fluc- — 
tuations of water levels are caused by — 
natural recharge and discharge. From 
the Big Four Railroad Bridge north-— 
ward to Harrod’s Creek the water 
levels in wells near the river appear to 
fluctuate in a manner similar to the 
stage of the river. Another reach of 
the river in which water levels in wells — 


Paddy’s Run and Kosmosdale. 
cient records are 


close all with the 
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however, to permit conclusions as to 


the amount of interconnection between 
the ground water reservoir and the 
river. 

Figure 2 is a contour map of the 
ground water table on Feb. 1, 1944, 
based on 88 measured and 40 reported 
devations. The map shows the sev- 
eral steep cones of depression in the 
water table caused by concentrated 
pumping and the direction of the move- 
ment of the water. 

It is estimated that the specific yield, 
or effective porosity, of the sand and 
gravel composing the glacial outwash 
deposits (Fig. 1) is about 20 per cent. 
This means that an amount of water 
equivalent to a depth of 0.20 ft. is re- 
leased from storage when the water 
table declines 1 ft. For instance, a de- 
cline of the water table of 1 ft. in 25 
sq.mi. of the reservoir (which is ap- 
proximately the area of the reservoir 
under Louisville and its immediate 
icinity) represents the release of wa- 
ter from storage in the reservoir equal 
toa depth of water of 0.20 ft. over the 
25 sq.mi., or an average of 2.9 mgd. 
for one year. 

The water table has declined during 
the past several years in a considerable 
part of the reservoir under Louisville 
and vicinity. From records of the de- 
cline in different areas, it is estimated 
that of the water pumped, as shown in 
Table 2, the part taken from storage 
increased from between 5 and 10 mgd. 
in 1938 to between 20 and 30 mgd. in 
1943, 

As water has been pumped from 
storage, hydraulic gradients have been 
developed in the water table which 
have caused water to flow through the 
water-bearing materials from the areas 
of recharge to the areas of withdrawal ; 
and as gradients have been developed 
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from the recharge areas into the reser- _ 
voir the rate of recharge has been in- | 
creased. However, the rate -of re- 
charge has not been increased as much 
as the rate of pumping, and hence wa- 
ter has been drawn from storage at an 
increasing rate. Although during late 
1943 the rate of pumping in the area 
remained about constant or slightly de- 
creased, steeper gradients continued to 
be developed, with resulting declines of 
water levels and withdrawals of water 
from storage. Because of the small 
remaining saturated thickness of the 
reservoir, it is probable that the rate of 
recharge could not be increased to an 
amount equal to the rate of pumping at 
that time, even if the water level were 
drawn down until the water-bearing 
material would be practically 
watered. 


Yield of Wells 


The permeability of the water-bear- 
ing materials has been found in a few 
laboratory and field pumping tests to 
range from about 700 to about 7,000 
gpd. per sq.ft. of cross-sectional area 
with a gradient of 100 per cent. Suf- 
ficient data are not available to per- 
mit determination of an average for 
the area, but it is probable that the av- 
erage is between 2,000 and 4,000 gpd. 

Yields of vertical wells constructed 
in the area during the last few years 
have ranged from a few gallons a 
minute to more than 2,000 gpm. Spe- 
cific capacities (gallons a minute per 
foot of drawdown of water level after 
several hours of pumping) recorded 
for 70 industrial wells range from 8 to 
410 and average about 60. The tend- 
ency has been to drill larger and bet- 
ter developed wells each year in order 
to obtain greater specific capacities. 
Had this not been true, the wells 


— 
| 
| 

\ 


probably have had lower specific ca- 
pacities than those tested previously, 
for the saturated thickness of the 
ground water reservoir (or cross-sec- 
tional area of the conduit) has de- 
creased. This necessitates greater hy- 
draulic gradients and more drawdown 
of water level in a well for the same 
yield. As the depth of water in the 
reservoir has decreased, therefore, the 
yields of existing wells have decreased 
in greater proportion. It is estimated 
that the average decrease in yields of 
wells in the Louisville area caused by 
the decline of water levels in them dur- 
ing the last few years has been ap- 
proximately 50 per cent. 


Recharge 


Recharge to the glacial outwash de- 
posits comes principally from three 
sources: (1) infiltration from the Ohio 
River through its bed and banks; (2) 
flow from the bedrock beneath and on 
the sides of the outwash deposits; and 
(3) rainfall penetrating the surface of 
the river valley. Most of the recharge 
in the immediate vicinity of Louisville 
replaces water that is pumped out of 
the ground water reservoir. A small 
amount of it is discharged naturally by 
springs and seeps in certain places 
along the banks of the lower pool of 
the river. 

The contour map of the water table 
in Fig. 2 shows gradients from the 
river to the ground water reservoir in 
the reach from about 1 mi. northeast 
of Beargrass Creek to the dam at 
Louisville, and in the reach of about 
2 mi. along the southwestern industrial 
area. Fluctuations of water levels in 
wells along these reaches show at least 
a partial interconnection between the 
river and the reservoir. Therefore, 
the water from the river recharges the 
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tested in the last few years would reservoir in these reaches. When the 


river is at normal stage the recharge 
from it to the reservoir may exceed the 
recharge from all other sources, and 
when it is in flood the recharge from 
it is greatly increased. More recharge 
from the river can probably be devel- 
oped by pumping from wells located 
as close as practicable to the river, 
thus increasing the gradients from the 
river to the areas of withdrawal. 

The limestone beneath and on the 
sides of the ground water reservoir js 
slightly to moderately cavernous and 
fractured, and these caverns and frac- 
tures are at least partially continuous 
to the outcrop of the limestone. Since 
the water table in the limestone is higher 
than the water table in the sand and 
gravel composing the reservoir, water 
entering the outcrop of the limestone 
flows through the openings to the sand 
and gravel. South of Louisville, where 
the area just east of the river valley is 
underlain by the New Albany shale or 
sandstones and shales of the Borden 
group, the sandstones and the surficial 
materials on the shales probably also 
carry some water which percolates into 
the sand and gravel in the valley. The 
gradients shown by the contour map 
of the water table in Fig. 2 indicate 
that water derived from the rocks 
along the eastern margin of the valley 
may be a considerable part of the total 
recharge to the ground water reservotr. 
More recharge from this source can 
probably be developed by pumping 
from wells located as near to the east- 
ern margin of the valley as practicable 
Since the rate of this recharge depends 
in part on the altitude of the water 
table in the rock, which is affected con 
siderably by rainfall, the rate of re 
charge may be more during and im 
mediately after periods of  rainfal 
above normal than during and immedi 
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ately aiter periods of subnormal rain- 
fall. The average rainfall for 71 years 
at Louisville is about 42.6 in. a year, 
but during the years of 1938 and 1943, 
inclusive, the rainfall averaged about 
3.7 in. less than this figure. 

Recharge by direct penetration of 
rainfall on the surface of the valley is 
considered to be relatively small in pro- 
portion to the flow from the river and 
from the bedrock. The drainage of 
the area is good and the silt and clay 
surface materials are relatively im- 
permeable. The recharge from rain- 
fall in the valley is probably only sig- 
nificant during periods of rainfall con- 
siderably in excess of normal. 

Rough computations have been made 
of the flow of water from the river and 
bedrock and of the recharge from rain- 
fall. These show that the total re- 
charge to the ground water reservoir 
probably is about 30 to 40 mgd., which, 
when subtracted from the 1943 pump- 
age figure of 61 mgd., checks the fig- 
ure of 20 to 30 mgd. computed for the 
withdrawal from storage. Further 
studies are being made to verify and 
improve these figures. 


Need for Decreased Pumping 


The pumpage in and near Louisville 
should be reduced so that it does not 
exceed the recharge, and should be 
distributed so that yields of individual 
wells are held at moderate amounts 
by maintaining a reasonable saturated 
thickness wherever practicable. The 
pumpage should be decreased most in 
areas of heavy withdrawal where wa- 
ter levels are declining most rapidly 
and where the saturated thickness is 
small, specifically in the distillery area 
to the south and in the southwestern 
industrial area. An estimated total de- 


Lin fal 
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crease in withdrawals of about 20 mgd. 
is needed in the heavily-pumped areas. 
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Possibilities of Additional Supplies 


The means which appear to be most 
favorable for obtaining additional 
ground water supplies for the Louis- 
ville industries are: (1) induced in- 
filtration from the Ohio River into the 
ground water reservoir; (2) artificial 
recharge of the reservoir with river 
water; and (3) development of the 
glacial outwash deposits in the rural 
area southward from Cane Run Ditch. 

Induced infiltration from the river 
can be accomplished by pumping wells _ 
along the reaches of the river where _ 
the ground water reservoir and the 
river are interconnected. This will 
produce a steep hydraulic gradient 
from the river to the wells, causing a 
large part of the yield of the wells to | 
be drawn from the river. The practi-— 
cability of this method of increasing — 
the supply is determined by the degree | 
of interconnection between the river 
and the reservoir. Studies are now 
being made to determine the degree of | 
interconnection in favorably situated | 
areas. 

Artificial recharge can be accom- _ 
plished by introducing water into the — 
reservoir through wells and through > 
recharge basins. Although recharge 
through wells can be accomplished with — 
ground water that has been used for - 
cooling purposes, as is now being done — 
on Long Island, N.Y., on a large scale, 
this method has the disadvantage that — 
the recharge water is warm and would — 
tend ultimately to raise the tempera- 
ture of the water in the reservoir. Re- | 
charge through wells in the Louisville 
area can probably be better accom- — 
plished with river water which is not — 
first used for cooling. Since the aver- 
age temperature of the river water 
throughout the year is about the same © 


4 


= 
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as the temperature of the ground wa- 
ter, the net effect on the temperature 
of the water in the reservoir would be 
negligible if equal amounts of river 
water were introduced in the winter 
and in the summer. The use of river 
water only in the winter when it is 
cold would be especially advantageous, 
for it would tend to lower the tempera- 
ture of the water in the reservoir. Wa- 
ter introduced into wells should be 
clear and free of bacterial and other or- 
ganic matter, both for sanitary reasons 
and to prevent clogging of the wells. 

A recharge basin may be formed in 
the Louisville area by removing the 
relatively impermeable surface mate- 
rials from the glacial outwash deposits. 
Recharge through such a basin can 
probably be accomplished most eco- 
nomically by the use of raw river wa- 
ter. This method has been practiced 
successfully in several parts of the 
United States. The sand and gravel 
between the bottom of a basin and the 
water table would be analogous to a 
slow sand filter such as is used in 
many water treatment plants. The 
suspended matter in the water would 
be removed within a few inches as the 
water would percolate from the bot- 
tom of the basin to the water table. 
The bacterial contamination in the wa- 
ter might be carried farther but would 
probably be entirely dissipated before it 
moved very far from the basin. For 
the best operation of a basin at Louis- 
ville, raw river water probably should 
be pre-settled when it is highly turbid. 
An experiment with a small recharge 
basin has been planned for the Louis- 
ville area. Whether recharge basins or 
wells should be used on a large scale 
in the area depends on the cost of in- 
troducing the water into the reservoir. 
If this cost, plus the cost of pumping 
the water out through existing wells, is 
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less than the cost of water from other 
sources, artificial recharge is economi- 
cal. 

In the rural area southward from 
Cane Run Ditch, a large amount of 
water is probably in storage in the 
glacial outwash deposits of the river 
valley. These deposits are constantly 
recharged by rainfall and by percola- 
tion from the adjoining rocks and 
are discharging water through springs 
along the banks of the river. A pro- 
gram of exploration and observation is 
under way to determine the extent of 
the deposits and the rate at which wa- 
ter can be withdrawn from them with- 
out exceeding the rate of recharge. 

In a few places in and near Louis- 
ville wells yielding fairly large quan- 
tities of water of good quality have 
been developed in the consolidated rock 
formations beneath the glacial out- 
wash deposits. However, many other 
wells drilled into the rock have yielded 
only small quantities of highly min- 
eralized water. It is probable that the 
water pumped from the few good rock 
wells is either coming from the glacial 
outwash deposits or is water that would 
recharge the deposits if not pumped. 
It is not believed, therefore, that the 
rock formations beneath the glacial out- 
wash deposits constitute another source 
of large supplies of ground water. 
Reconnaissance studies indicate that 
the rock formations cropping out in 
and underlying the areas bordering the 
river valley also probably will not yield 
large supplies. 


Emergency Recharge During 1944 

The reduced yields of the wells a 
the National Distillers Products Cor 
poration’s Old Grand-Dad_ distillery 
and the Joseph E. Seagram & Sons 
distillery have created a shortage 
ground water in these plants. (The 
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Dant & Dant of Kentucky distillery is 
included as part of the Seagram distil- 
lery because of the interconnected wa- 
ter system and management of the two 
plants. ) 

The problem of obtaining enough 
ground water to maintain continuous 
alcohol production has been faced by 
these plants for more than two years. 
As the decreasing yields of the wells 
threatened to cause curtailment of pro- 
duction, each plant took steps toward 


| more efficient use of the ground water, 


as well as toward means of augmenting 
the supply. Conservation of ground 
water was planned by cooling towers, 
recirculation and refrigeration. How- 
ever, although plans were made in late 
1943 to install the conservation equip- 
ment, a study of the construction 
schedules and delivery dates on the 
pumps, piping and _heat-exchange 
equipment showed that the installa- 
tions would not be completed until af- 
ter the summer of 1944. 

In March 1944 records of the de- 
creasing yields of the wells indicated 
that the ground water supply would 
be inadequate for the summer needs. 
The local and Washington Office of the 
WPB were advised of the critical con- 
ditions involved and, through the in- 
terest of Frederick H. Weed, Re- 
gional Engineer in the production of 
industrial alcohol for war purposes, 
steps were taken to provide a tempo- 
rary additional water supply for both 
plants until the conservation equipment 
could be installed. 

Since additional ground water would 
not be available without the extensive 
development of a new area, the use of 
water from the Louisville municipal 
supply (at a greater cost than ground 
water) was authorized by the OPA. 


The use of city water directly from the 
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city’s system did not present a com- 
plete or permanent solution to the 
problem, however. The transmission 
capacities of the mains and the ca- 
pacity of the filter plant are limited, 
and therefore not enough water would 
be available for the distilleries when 
other users would draw heavily dur- 
ing the summer. Also, in many of 
their processes the distilleries were de- 


signed to use ground water at 58°F. 


and indicated that they could not use 
water above 70°F., 


whereas the tem- | 


perature of the city water usually ex-_ 


ceeds 70°F. around June 1 and is 
sometimes as high as 85°F. by the 
middle of the summer. 


Water Levels and Pumpage Before 
March 1944 


In the vicinity of the three distilleries 


under discussion, a large and deep cone 
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of pumping depression is indicated by 
the contours in Fig. 2. Figure 3 shows 
the hydrographs of typical wells in the 
vicinity of the plants. 

The hydrograph of well 47—12-3 
shows the general decline of the water 
table in the area about a mile south 
of the collector well. The rise of the 
water level in the spring of 1942 was 
probably caused by local recharge from 
rainfall, but the effects were soon dis- 
sipated and the water table continued 
to decline at the same rate as prior to 
the recharge. 

Well 47-12-14 is in the center of 
the National Distillers plant, about 200 
ft. from the nearest pumped well, and 
its hydrograph indicates the local de- 
cline of the water table within the large 
areal cone of depression. 

Well 47-124 is 200 ft. southeast of 
the collector well and its hydrograph 
shows the steep decline of the water 
level caused by the installation and use 
of the collector. 

Figure 3 also shows graphically the 
rate of pumping at the three distil- 
leries and the rate of recharge during 
the spring. The pumpage at the Na- 
tional Distillers plants was almost con- 
stant until the diminishing yield of the 
wells began to limit the quantity of 
water that could be pumped. Prior to 
July 1942 the pumpage at the Sea- 
gram plant came from wells located on 
the west side of the plant along the 
railroad tracks, but after that date 
most of the ground water was taken 
from the newly-constructed collector 
well about 800 ft. east of the older 
wells. There some increase in 
pumpage when the collector was put 
into operation as part of the water 
from the collector was used to augment 
the supply to the Dant & Dant dis- 
tillery. 


Was 
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Shortage of Cold Water 


Early in March 1944 it was deter- 
mined that during June the Seagram 
and Dant & Dant plants would need 


4 
about 4,000 gpm. of water at a tem- . 
perature of less than 60°F., and the $4 
National Distillers plant would need | 2 
about 400 gpm. of water at the same | 24 
temperature. If this water would not 3 
be available, it was anticipated that <4 
production of alcohol would have to | * 
be curtailed. After June it was hoped 55 
to have sufficient conservation equip- r 
ment installed to reduce the require- é 
ments. 
Estimates made by the Geological 
Survey, based on the declining water 
table and decline in yields in the past, 
showed that if pumping from the wells 
at the plants continued, they would not | yer, 
yield over about 3,500 gpm. in June. | vat, 
The estimates also indicated that the },) a 
yield of Seagram’s water collector |.) p 
might diminish from an existing 2,800 | non 


gpm. to between 2,500 and 2,200 gpm. fand 
by the end of summer, and that the fedec 
yields of the three wells at the National | Seag 
Distillers plant would decline [yells 
rially below their 200 gpm. each. The 
On the other hand it was estimated fand 
that 4,400 gpm. of ground water could [starte 
be made available during June if thef Th 
water table could be raised enough be: sents 
fore then to increase considerably the fy ce 
saturated thickness of the water-bear-f!0 to 
ing materials. To permit the waterfthis ; 
table to rise, it was decided to stoppiector 
using ground water at the three distil 1,130 
leries and to allow the water levels top\atio 
recover through the natural rechargeffate o: 
flowing into the area. A series olfthat tl 
computations was made by the Geofpblyg 
logical Survey from which it was esti} The 
mated that, if all the pumping for theffer in 
National Distillers and Seagram plantifhese 
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Fic. 4. Geological Sections 
(a) North-South Section, 


were stopped for 90 days, the ground 
water levels would recover sufficiently 
to allow the required amount of water 
to be pumped from the wells for one 
month. To provide a factor of safety 
and assist in the recovery it was de- 
cided also to recharge city water to the 
Seagram’s collector well and to two 
wells at the National Distillers plant. 
The use of ground water was stopped 
and the recharge of city water was 
started on Mar. 10, 1944. 

The darkened area in Fig. 4 repre- 
sents the rise of the water table caused 
by cessation of pumping from March 
to June 1, plus the addition, during 
his period, of city water to the col- 
ector well at an average rate of about 
1,130 gpm. and to the wells at the 
‘ational Distillers plant at an average 
ate of about 200 gpm. Figure 3 shows 
at the natural recharge was consider- 
tbly greater than the artificial recharge. 

The temperature of the ground wa- 
er in sixteen wells in the vicinity of 
hese distilleries was 57°F. early in 
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March. The weighted mean tempe 
ture for all the water artificially re- 
charged from March through May was 
58.5°F., or about the same as the natu- 
ral temperature of the ground water. 

Late in April, a recapitulation of the 
construction schedules and equipment 
delivery dates showed that the con- 
servation equipment would not be in 
operation before July 1, when it had 
been estimated that the yields of the 
wells would become less than the de- 
mand of the distilleries. On May 2 
the engineers of the distilleries, the 
W PB, and the Geological Survey con- 
ferred on the provision of additional 
means of maintaining a continued sup- 
ply for each plant. 

At the Seagram plant steps were 
taken to: (1) recharge city water to 
the ground at a greater rate; (2) 
hasten the completion date of the in- 
stallation of the water conservation 
equipment; (3) provide more city wa- 
ter to supplement the ground water 
during the summer; and (4) change 
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the operational procedures within the 
plant to allow the use of water with a 
temperature of 70°F. 

At the National Distillers plant steps 
were taken to: (1) hasten the comple- 
tion date of the installation of the wa- 
ter conservation equipment; (2) pro- 
vide additional city water; and (3) 
drill two 150-gpm. wells south and 
west of the plant to supplement the 
present ground water supply. The 
two new wells would be drilled to dis- 
tribute the pumpage over a larger area 
and thus eliminate as much as possible 
the cone of depression where the satu- 
rated thickness of the sand and gravel 
was thin. 

The computations indicated that the 
water levels in most of the wells at the 
National Distillers and Seagram plants 
would be below the pump intakes af- 
ter 60 days of continuous pumping 
from the wells at the total rate of 4,400 
gpm. This did not mean a failure of 
the ground water supply, however, but 
meant that the yields of the wells 
would be maintained at 4,400 gpm. for 
only about 60 days and then the yields 
would decrease as the water levels 
could no longer be lowered. The com- 
putations indicated that, if the com- 
bined pumpage for the plants were less 
than 4,000 gpm., the water levels in 
most of the wells would be maintained 
above the pump intakes during at least 
90 days of continuous pumping. 

Early in May 1944, the actual rise 
of the water level caused by shutting 
down the wells and recharging through 
them was very close to the rise that had 
been computed by the U.S.G.S., indi- 
cating that the assumptions made in 
the computations regarding permeabil- 
ity and effective porosity of the water- 
bearing materials were nearly correct. 
These assumptions were that the per- 
meability is equal to 2,500 Meinzer 
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units * and the effective porosity is 20 
per cent. These assumptions having 
been checked, it appeared that the rest 
of the original computations should 
also be nearly correct—that the plants 
would be able to pump about 4,000 
gpm. of ground water for the remain- 
der of the summer if the use and re- 
charge of city water were stopped 
about the middle of May. 
According to the estimates of de- 
mand, however, this quantity of water 
(4,000 gpm.) would still not be quite 
enough. The officials of the plants 
agreed to make several changes in the 
plants, so that they could use water 
with a higher temperature than was 
formerly possible. City water, there- 
fore, was continued in use at the Sea. 
gram and Dant & Dant plants until 
June 3, even though at that time its 
temperature was nearly 80°F. Pump- 
ing was begun again from some of the 
National wells on May 17. During 
the summer, the plants used a mixture 
of city water and ground water. 
So effective were the ground water 
conservation measures practiced at 
these plants that the total demand dur- 
ing the summer averaged only about 
3,000 gpm. instead of the 4,400 gpm. 
originally estimated. As a result, the 
plants had a reserve of cold ground 
water at all times during the summer 
and could pump at considerably higher 
than average rates for short periods. 
If practicable from the standpoint o! 
the cost of the city water, a satisfac- 
tory solution to the entire shortage @ 
ground water in Louisville would 
for a large number of industries to us 
city water in the winter, and, at th 


* The unit of permeability or Meinzer unt 
in gpd., is the rate of flow through a squat 
foot cross-section of a given material unde 
a hydraulic gradient of 100 per cent or on 
to one at a temperature of 60°F. 
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same time, recharge the ground water 
reservoir with the cold city water, 
pumping their wells only in the sum- 
mer. If this were done on a large 
enough scale, it would not only stop 
the perennial decline of water level, by 
making the recharge equal to the dis- 
charge from the ground water reser- 
yoir, but also would allow wells to be 
pumped at much greater rates during 
the summer than will be possible if 


they are used continuously. 


Future Conservation Plans 


Before the Geological Survey started 
its work, the conservation of ground 
water had been urged by the WPB, 
the well drillers in the area, the War 


Products Advisory Committee and 
other interested agencies. After the 


Geological Survey collected data to 
show that conservation on a_ large 
sale in a short time was absolutely 
necessary and after the Underground 
Water Users Association was formed 
efforts to bring about the reduction of 
pumpage were redoubled. Many large 
organizations, both governmental and 
private, co-operated. 

At first it was thought that ground 
water would have to be piped into 
Louisville from adjoining areas in or- 
der to allow the industries to continue 
full production and at the same time 
reduce the pumpage from their present 
wells. Because of the rapidly decreas- 
ing yields of wells, however, and _be- 
cause no major development in an ad- 
joining area was yet planned, each in- 
dustry facing a shortage began to solve 
itsown problem. Gradually, ways and 
means to reduce the consumption of 
ground water were found. These in- 
clude careful of water, 
changes in manufacturing processes, 
recirculation, refrigeration, use of cool- 
ing towers, use of river water, use of 


more use 
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city water, artificial recharge and use — 
of more wells along the river to in- | 
crease infiltration from the river. Each 
of these conservation measures is now © 
being practiced or is planned by one or | 
more industries in the Louisville area. = 
When the installations that have | 


been planned are completed, several 
million dollars will have been spent in 


the effort to reduce the pumpage of 


ground water. By means of these con- 


servation measures the withdrawal of 
ground water in the Louisville area in — 
excess of the rate of recharge will soon — 
be largely stopped and the present 
emergency will have been met success- 


fully. 


It is understood from the WPB 
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that no industry at Louisville has yet 
had to curtail production because of a 
shortage of water. 

Figure 5 shows the estimated aver- 
age daily pumpage from wells by in- 
dustries in Louisville during 1938, 
1943, 1944 and 1945. 

Most of the conservation measures 
described are still only contemplated. 
Also, because the estimates of recharge 
are necessarily approximate, the under- 
ground reservoir may still be over- 
pumped by several million gallons a 
day even after all the contemplated 
conservation measures are in opera- 
tion. Then, too, after the areal short- 
age has been solved, several local sec- 
tions will probably still be pumped too 
heavily and a more satisfactory dis- 
tribution of pumpage in those sections 
will be needed. Therefore, it is be- 
lieved that efforts to reduce the pump- 
age further shoyld not cease until 
conservation measures have actually 
stopped the decline of the water table 
in every section of the area. 

Two programs of test drilling have 
been proposed in areas adjacent to 
Louisville where additional ground wa- 
ter might be obtained. One of these 
is in the Ohio River Valley to the 
southwest of Louisville and one in the 
valley to the northeast. It is still be- 
lieved that these programs should be 
carried out. The inventory of the 
ground water resources of the Louis- 
ville area cannot be completed until 


more information is available. If large 


as 
Ga, 


quantities of ground water are ayail- 
able in one or both of these areas, they 
will be of great value to the future in- 
dustrial growth of Louisville. 
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Although the Louisville Water Com- 
pany obtains its water supply from the 
Ohio River and is not dependent on 
ground water, it has been materially 
affected by the measures described in 
the foregoing report. The demand 


upon its entire production and dis- 


tribution facilities caused by the de- 
pletion of this underground supply of 
industrial water can best be shown by 
a comparison of the average daily 
pumpages by months for the last six 
years in million gallons daily. 


Months 1939 1940 1941 1942 1943 1944 
January — 40.55 50.9 42.4 47.2 48.1 53.8 
February — 40.55 46.5 41.8 44.0 48.4 52.7 
March 40.5 40.7 41.1 43.1 49.1 56.7 
April 38.4 39.3 43.0 45.0 48.3 60.1 
May 44.3 404 49.1 47.8 49.2 64.7 
June 440: 4.7 S12 S71 
July 49.1 50.3 53.2 54.0 61.4 69.1 
August «50.2 «53.4 52.9 64.6 64.5 
Septem ber 48.9 446 50.2 504 57.9 59.8 
October 44.55 44.0 460 48.4 55.9 59.5 
November 43.0 42.1 44.2 47.1 540 56.3 
December 41.2 40.8 43.5 48.6 52.9 54.6 

Yearly Average 43.7 44.5 46.5 48.3 54.0 60.2 


It will be noted that increases from 
year to year were more or less normal 
until 1943, when the industries first 
began to substitute the city supply for 
that obtained from underground, and 
the abnormal increases in March, 
April, May and June of 1944 can be 
attributed to the intensification in those 
months of the campaign to conserve 
the underground supply. It is esti- 
mated from these records and from a 
summary of actual water meter read- 
ings of industrial consumers that 15 
mgd. were used for this purpose dur- 
ing the spring of 1944. 

This sudden and unforseeable in- 
crease demonstrated certain weak spots 
in the company’s plant. The high 
daily demands during the spring 


months when the turbidity of the river 
water was at 


its maximum resulted 


DISCUSSION—B. E. Payne 
Chief Engr. & Supt., Louisville Water Co., Louisville, Ky. _ 


in temporarily overloading the coagu- 
lation capacity and a cloudy filtered 
water was produced for several days in 
March 1943 and again in 1944. A 
new and modern system of floccula- 
tion, clarification and chemical han- 
dling is now under construction, and 
is planned for completion before the 
spring of 1946. Until then the closest 
control and maximum chemical usage 
will have to be continued. 

The pumping capacity of the com- 
pany, which had been increased after 
the 1937 flood, proved very adequate. 
In fact, the extreme loads of March 
and April 1944 were handled with two 
units, or a total capacity of 64 mgd.., 
out of service for repairs. 

The distribution system, augmented 
by the twelve-year-old 30-mil.gal. ele- 
vated reservoir, received 4 real test 
during June when this war-induced 
industrial demand was superimposed 
on an extreme dry weather lawn- 
sprinkling peak load. Rain storms on 
July 2 and the following holiday were 
all that prevented a water rationing 
campaign in Louisville. A maximum 
hourly consumption rate of 131 mgd. 
was reached, with a maximum day of 
79 mgd. on June 28. 

The unprecedented demand by large 
industrial services for supplying the 
new war industries and by the older 
users of well water severely taxed the 
ability of the company to obtain the 
necessary meters, valves and other ma- 
terials. (Twenty-four 6-in., one 8-in. 
and two 10-in. services were installed 
during 1943 and 1944.) The War 
Production Board was _ particularly 
helpful but even this body could not 


> 
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were needed. One 10-in. service was 
installed using a battery of six 4-in. 
meters. When these proved inade- 
quate, three 6-in. Crest meters were 
borrowed from three public swimming 
pools inactive at the time. Later, when 
even more flow was demanded of this 
particular service, an existing plant 
orifice meter was calibrated against 
the 6-in. Crest meters. Then two of 
the meters were removed and nipples 
substituted. The remaining 6-in. meter 
flow was then compared with the ori- 
fice meter and a factor obtained which 
was used with this 6-in. meter to meas- 
ure the consumption. An adequate 
flow of 5,600 gpm. was thus obtained. 
This borrowing a meter from an inac- 
tive service and replacing it with a new 
meter when received was _ repeated 
several times and several other make- 
shifts were satisfactorily devised. 

The Louisville Water Company, 
through its chief engineer, has been ac- 
tive in tHe Louisville Underground 
Water Users Association in an effort 
to work out some solution to this fail- 
ure of the ground water supply. 
Several ideas have been advanced but 
the only other source immediately avail- 
able seems to be from the facilities of 
this company. 

The best plan appears to the com- 
pany to be that of using the water sup- 
ply from the city system during the 
winter months from October through 
April when it is cool enough; recharg- 


ing the underground pool where possi. 
ble during this period ; and conserving 
the use of all industrial cooling wate; 
by every means, thus saving the up. 
derground storage of cool water fo; 
While the cost of city 
water is in excess of that obtained fror: 
wells, the rate in effect in the Louis. 
ville area is lower than that of any syr. 
rounding community. The yearly loa¢ 
curve is such that, with the completior 
of the new treatment facilities noy 
under construction, the company wil 
be able to make up for most of the de. 
ficiency in the ground water supply for 


summer use. 


normal uses. 


With this in mind the Louisville 
Water Company is building and plan. 
ning to build up its system so tha 
there will be no doubt of its ability t 
supplement the ground water supph 
to such an extent. 
ing substantially to the cost of the sur. 
veys now being made to develop ney 
sources of underground water. 

This publicly-owned water utility be 
lieves that its function is to grow with 
the community and do everything ix 
its power to satisfy the needs of t 
community in the water supply field 
Just as the excellent forehandednes 
exerted in the past has enabled ust 
contribute to the solution of this ser. 
ous war production problem, way 
and means will be forthcoming to solv 
a similar problem in peacetime. 
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Ground Water Problems in New Jersey 
By Henry C. Barksdale 


Hydr. Engr., Geological Survey, U.S. Dept. of Interior, Trenton, N.J. 
Presented on Nov. 9, 1944, at the Four States Section Meeting, Philadelphia, Pa. 


WENTY-ONE years ago, in July 

1923, the state of New Jersey en- 
tered a co-operative agreement with the 
US. Geological Survey. That agree- 
ment provided for a quantitative in- 
vestigation of the ground water re- 
sources of the state. At that time, and 
jor some years thereafter, this investi- 
gation was the only continuing quanti- 
tative study of ground water conditions 
in any of the eastern states. A few 
years later, quantitative work was be- 
gun in New York and in recent years 
it has been rapidly extended to nearly 
every state on the eastern seaboard. 

One might think that the New Jersey 
program, having come of age, would 
have very few problems left, but the 
opposite is true. We are continually 
finding new problems and our old ones 
show a remarkable tendency to grow. 

Some time prior to 1923 the ground 
water problems in the state were essen- 
tially one-well problems; that is, they 
involved answers to questions as to 
where and how deep to drill, and how 
much water might be obtained from a 
single well. By 1923 the problems had 
grown into areal ones involving the 
sale yield of specific aquifers in limited 
areas of heavy pumping, such as At- 
lantic City, Camden, Asbury Park or 
Parlin. As we studied these problems 
it became increasingly apparent that 
that was not always enough. The safe 
yield at Asbury Park might be affected 

« 


by pumping at Parlin or vice versa. 
The pumping at Atlantic City might 
affect the safe yield up the dip in the 
same formation at Egg Harbor or at 
Hammonton or vice versa. Thus, it 
has become apparent that it is neces- 
sary to know the safe yield of the whole 
aquifer and the safe distribution of 


pumpage in it, and the problem in New — 


Jersey has grown from a single well to 


an aquifer covering half a state or per-— 


haps two or three states. 


Originally the quantitative ground 
New Jersey were | 


water studies in 
limited to a few very small areas in 
which critical problems appeared to 
exist. These areas are still being stud- 
ied. Six formal reports (1, 2, 3, 4, 5, 
6) on these areas were issued as well 
as a number of shorter papers. Grad- 
ually the intervening spaces have been 
filling with question marks and the 
scope of our investigations has ex- 
panded. We recently issued our first 
report covering an entire county (7). 
The county report, it is felt, has an 
advantage over the report on a limited 
area in that it provides a way of cover- 
ing the less developed areas along with 
those in which heavy pumping and other 
serious problems may exist. It leaves 


less room for the question marks and | 


brings us nearer to the time when we 
can study the aquifers as a whole and 
evaluate the supply of ground water on 


a state-wide basis. 


te 


- 
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Geology 


New Jersey has a wide variety of 
geologic formations ranging from hard 
crystalline rocks that contain very 
small quantities of water in occasional 
cracks to coarse clean sands and gravels 
that contain abundant supplies of 
water. Intermediate materials, such 
as limestones and fractured shales and 
sandstones, cover wide areas in the 
central and northwestern part of the 
state where the crystalline rocks are 
also found. The southeastern part of 
the state, perhaps three-fifths of its 
total area, is covered by coastal plain 
deposits which are composed of al- 
ternating layers of sands and clays. 
Some of the coastal plain sands are the 
most important aquifers. However, 
some of the rocks in the northern and 
western parts of the state yield very 
large quantities of water, particularly 
where they are covered by glacial de- 
posits that help to absorb and _ store 
water for recharging the rocks. In 
many places where they are coarse and 
well sorted, the glacial deposits them- 
selves yield substantial quantities of 
ground water. 


Safe Yield 


The safe yield of an aquifer is limited 
by its capacity to absorb, to store, to 
transmit water and by its exposure to 
salt water or other contaminating ma- 
terials that may make the quality of 
its water unsatisfactory. Whichever 
of these factors permits the smallest 
amount of water to be drawn from the 
aquifer determines its safe yield. When 
these four things are known about an 
aquifer its safe yield can be determined. 
We are still a long way, however, from 
such positive knowledge about most of 
the New Jersey aquifers, and it can- 
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not be said that we know absolutely 
the safe yield of any of them. 

The capacity of an aquifer to store 
and transmit water is determined by 
the size, number and nature of the pore 
spaces or cracks in which the water js 
stored and through which it moves 
These characteristics are fixed by na. 
ture and are reasonably susceptible te 
measurement. A knowledge of them js 
most helpful in determining the safe 
yield of an aquifer. For example, a 
comparison was recently made between 
these two factors in one of the better 
coastal plain sands and in the frac. 
tured shales of the Brunswick forma- 
tion (7). The sand, it was found. 
could transmit about four times as 
much water as the shale at any given 
hydraulic gradient. It could store 
twenty times as much water as the 
shale. Apparently, the safe yield of 
the shale was more likely to be limited 
by its storage capacity than by its 
capacity to transmit water. Experi. 
ence has shown this to be true. The 
safe yield of the shale is relatively low 
except where some source of continu. 
ous recharge is available. The amount 
of water stored in the cracks in rock 
is not enough to sustain a large yield 
between periods of precipitation. 

The capacity of an aquifer to absorh 
water and its exposure to contamina. 
tion are less susceptible to exact meas 
urement than are its transmissibility 
and its storage capacity. Furthermore 
they are susceptible to change by the 
works of man. On these facts ar 
based two whole families of problems 
namely, how to evaluate these factors 
and what are or may be the effects 
the works of man. 

The results of research seem to it 
dicate that the capacity of most aqut 
fers to absorb water is large and the 
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this factor in ‘itself seldom limits the 
safe vield. Intake opportunity, on the 
other hand, frequently limits safe yield. 
By intake opportunity is meant the 
favorable combination of circumstances 
that provide water for recharging an 
aquifer at a time when there is storage 
space within the aquifer to receive it. 
Probably all of the aquifers in New 
jersey refuse some recharge at times 
of heavy precipitation, simply because 
their storage space is used up. This is 
particularly true of rocks, such as the 
Brunswick referred to above, 
which have relatively small storage 
capacity. When water from precipita- 
tion is available for recharging them, 
these aquifers are soon filled and much 
of the water must run off over the sur- 
face. The evaluation of problems of 
this nature must still be largely a mat- 
ter of judgment and experience. 

Where the intake capacity of an 
aquifer is greater than its intake op- 
portunity, as is generally the case, it 
may be possible to enlarge its safe yield 
by artificially recharging it. Artificial 
recharge has been practiced for many 
years in some areas in New Jersey. 
The practice is increasing as it be- 
comes apparent that the safe yield of 
some good aquifers is being limited by 
their natural rates of recharge. 

The Perth Amboy Water Depart- 
ment was one of the first in the state 
to recognize the value of artificial re- 
charge and to construct works for re- 
charging the principal aquifer in the 
well field at Runyon (7). Originally 
this system consisted merely of a dam 
and pond on a small stream flowing 
through the well field. From time to 
time the system has been enlarged until 
there is now an elaborate system of 
channels and basins to spread surface 
water over the area drawn upon by the 


shale 


wells and practically the entire flow of _ 


the stream is used to recharge the sand. 


Some water for recharging is also— 


drawn from another stream nearby. 


Artificial recharge is also being prac- _ 


ticed at Princeton where water is 


pumped from a stream and spread over. 


the area adjacent to the wells, at the 
Kast Orange Water Works (8) and 
at the Duhernal industrial (7) water 
supply near Old Bridge. The quanti- 
ties of water introduced into the ground 
at each of these localities probably 


range from one to several million gal- — 


lons daily. In some cases, where ade- 
quate quantities of surface water are 


available, this amount may be increased — 


materially as the need arises. 
Salt Water Intrusion 


The danger of salt water intrusion 
into fresh water aquifers is one of the 
most serious problems with which we 
are faced in New Jersey. Along the 
shore where the aquifers are exposed 
both to salt water recharge and to 
fresh water recharge, nature has set up 
a delicate balance between the two 
kinds of water in the aquifer. When 
man disturbs this balance by pumping 
out the fresh water he invites the salt 
water to move into his well. 


In the Atlantic City area for ex- © 


ample, the head of the water in the so- | 


called Atlantic City 800-ft. sand, was 
originally about 25 ft. above mean sea 
level. Heavy pumping has lowered 
the head in this sand below sea level 
for 20 or 30 mi. along the shore. In 
the centers of heaviest pumping the 
head is now as much as 75 or 100 ft. 
below sea level. Little is known, of 
course, of the geology of this sand in 
the direction of the ocean, but it seems 
probable that the initial head 
enough to hold the salt water in bal- 


was 
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ance at a point about 7 mi. off shore. 
This balance has now been reversed 
and salt water is almost surely moving 
toward the Atlantic City area as fast 
as the intervening volume of fresh 
water can be removed. 

Other areas in which salt water in- 
trusion is occurring, or is threatened, 
may be fourtd all along the coast—at 
Perth Amboy, South Amboy, Sayre- 
ville, Cape May and Penns Grove, to 
name but a few localities. Nearby in 
Delaware the water supplies of Lewes 
and Rehoboth Beach are also endan- 
gered by the encroachment of salt water. 
Problems relating to salt water en- 
croachment are, in fact, common to all 
the coastal states. Their solution re- 
quires careful study and _ intelligent 
operation. It is generally far easier 
to avoid salt water intrusion than to 
overcome its effects. 

The removal of water from an aqui- 
fer by pumping is only one of the ways 
in which man can and does disturb 
the balance between the fresh water 
and salt water in exposed aquifers. 
Works such as canals, dams and reser- 
voirs also can and do affect this bal- 
ance. The construction of a canal con- 
taining salt water through a fresh 
water aquifer obviously introduces a 
new source of salt water recharge. A 
canal containing fresh water, on the 
other hand, may be either beneficial 
or harmful, depending largely upon 
whether the aquifer is drained into 
the canal or receives recharge from 
it. Dams and reservoirs usually tend 
to restrain the advance of salt water 
both by blocking its advance into ex- 
isting channels and by creating a higher 
fresh water head. The construction of 
suitable fresh water reservoirs is one 
of the best-known means of combating 
the intrusion of salt water into exposed 
aquifers. Such works have been sug- 
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gested as possible remedial measures 
near Atlantic City and Old bridge 
N.]. 


Need for Regulation 


Another item which must be included 
in the list of ground water problems in 
New Jersey is the tendency toward 
heedless overdevelopment. The author 
feels that this problem is one of the 
most serious and urgent of the ground 
water problems along the entire east- 
ern seaboard. Mention has been made 
of the one-well problems that predomi- 
nated the ground water picture in New 
Jersey many years ago. Too many of 
us are still concerned only with how 
much water we can get right now from 
our own wells without much thought 
of the safe yield of the aquifer, which 
determines the permanency of the sup- 
ply. 

Conditions in some parts of Newark, 
in which there are a great many in- 
dustrial wells, provide a good case in 
point. The competition for the water 
that is available there is exceptionally 
keen. Property owner “A” drills a 
well on his land and begins using water 
from it. His neighbors “B” and “C” 
drill welis on their properties and pump 
so much water that “A” can no longer 
get enough from his well. “A” then 
deepens his well or lowers his pump 
and draws the water from “B” and 
“C.” This process is repeated again 
and again throughout the area with 
the result that the water level is drawn 
down, down, down, and_ ultimately 
there may not be enough good water 
left for any of them. 

All too often the development o 
ground water resources has been car 
ried on with little, if any, considers 
tion of the possibility that the safe yield 
of the various aquifers might be ex 
ceeded. This has been due primarily 
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to public ignorance of the nature of 
the problem. The scientific quantita- 
ive study of ground water problems is 
till relatively new and, although great 
advances have been made, it 1s not yet 
possible to arrive at very exact results. 
It now appears that certain aquifers in 
New Jersey have been over-developed 
and that the development of others is 
probably approaching their safe yield. 
Nevertheless, a great majority of the 
people still think in terms of the many 
successful developments that were made 
in the past and assume that more and 
more water can drawn from the 
same aquifers by the simple process of 
drilling more wells. Communities vie 
with one another for new industries 
and the assurance is freely given that 
plentiful water supplies are available. 
The tremendous amount of water held 
in storage in the productive aquifers 
makes each new development appear 
successful and safe. Only after years 
of pumping may the effects of heed- 
less overdevelopment become evident. 
When that the industries 
eagerly sought can, and probably will, 
move to other areas, leaving the com- 
munity poorer not only in industrial 
development but very possibly in water 
resources also. 

New Jersey is by no means unique 
in this respect. In the humid eastern 
part of the United States there is a 
widespread tendency toward heedless 
overdevelopment of ground water aqui- 
fers, especially for industrial use. This 
tendency is fostered by public indiffer- 
ence to the problem and by a general 
belief that the supply of ground water 
is inexhaustible. It is aggravated by 
antiquated laws and legal principles 
that do not permit adequate control of 
the withdrawal of ground water for 
private or industrial uses. In many 
areas the situation has become so seri- 


be 


occurs so 
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ous that the public interest demands 
impartial control of all withdrawals of 
ground water. In the more arid west- 
ern part of the country the value and 
limited nature of the ground water 
supply have been somewhat more gen- 
erally recognized and effective legal 
action has been taken in a few western 
states to protect it from destructive 
overdevelopment. 

If carefully developed our ground 
water supplies will last indefinitely. On 
the other hand, if wantonly and waste- 
fully overdeveloped, they may be de- 
stroyed altogether or their usefulness 
may be very much impaired. The ex- 
tent of their development can no longer 
safely be decided solely on the basis 
of how profitable it may be or how — 
desirable a new industry that is de- 
pendent upon a supply of ground water 
may seem. In the public interest the — 
maintenance of a rate of withdrawal | 
that will assure the permanency of the 
supply should be the first consideration 
in passing upon any proposed new de- 
velopment. continuous, though 
limited, supply of ground water is much 
more valuable than a larger supply 
that may be taken from the aquifer for 
a brief period of years. 

It is beyond the scope of this paper 
to suggest the form that the regulation 
and control of ground water develop-— 
ment should take. Nevertheless, it 
should be pointed out that in the final 
analysis the critical factor will be the 
safe yield of whole aquifers rather than 
of small parts of them. Regulation of 
the ground water developments in one— 
county, for example, would be help-— 
ful but much of its value might be de- 
stroved by unregulated development 
of the same aquifers in adjacent coun- 
ties. Effective control should there-— 
fore be state-wide and the regulation 
of interstate aquifers will require in- 
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con- 


inclusive. 


terstate co-operation. 
trol should also be broadly 
Restrictions applied to one class of 
water users (for example to public 
water supplies) and not to another 
would be futile as well as unfair. No 
diversion of ground water should be 
made without the prior approval of 
some unbiased agency empowered to 
safeguard this valuable natural resource 
against injurious overdevelopment. 
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Methods of Salt Water Disposal in Oil Fields 


By W. S. Morris and Samuel F. Peterson 


EAST TEXAS OIL FIELD—W. S. Morris sae, 
Vice-Pres. & Gen. Mgr., East Texas Salt Water Disposal Co., Kilgore, Tex. 
Presented on Oct. 19, 1944, at the Southwest Section Meeting, Austin, Tex. 


HE East Texas oil field is a water 

drive field. Small amounts of salt 
water were produced from wells on 
the west side of the field from the be- 
ginning of the development. The field 
was discovered in September 1930, 
and by the end of 1933, water produc- 
tion had reached 9,000 bbl. per day. 


By the end of 1936, approximately 
2000 wells were producing about 
45,000 bbl. of water per day. It was 


at this stage of development that the 
problem of salt water disposal at- 
tracted the serious attention of the op- 
erators. Salt water production in the 
field has steadily increased and today 
approximately 450,000 bbl. of water 
per day is produced while the oil pro- 
duction averages about 375,000 bbl. 
The disposal of salt water in the field 
has therefore become one of the ma- 
jor operating problems. 


Methods of 


Various methods of salt water dis- 
posal have been tried in the East Texas 
field. The evaporation of salt water in 
open pits proved to be impractical, pri- 
marily because the rate of rainfall ap- 
proximated the rate of evaporation. 
The evaporation of salt water with the 
aid of artificial heat proved too expen- 
sive a method. The volume of salt. wa- 


Salt Water Disposal 


ter was too great to permit the continu- 
ous discharge of salt water into streams 
in the field. The cost of providing a 
salt water disposal line to the Gulf 
Coast was too great to be attractive. 
For a period of time, salt water was 
stored in large earthen reservoirs and 
released into streams during periods of 
heavy rainfall. While this method was 
partly successful, the program was diffi- 
cult to supervise and, in addition, too 
many pits were required to store the 
large volumes of water during periods 
of drought. The disposal of salt water 
by injection into subsurface formations 
was believed possible and early in 1936 
the method was successfully demon- 
strated in an experimental well located 
west of the East Texas field. 
Development of Subsurface Disposal 

The first subsurface salt water dis- 
posal plant in the field was installed in 
1938. The feasibility of the method 
was recognized and other projects were 
started. The second subsurface dis- 
posal project was put into operation in 
March 1939, and by the end of that 
year ten systems were in operation. 
During 1940, 21 additional systems 
were completed. The number of 
plants in operation by years is shown 
in the following tabulation: 


> 


1 
i 
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Salt Water 

Injected Into Daily Injection 

Year Woodbine Sand Average Wells 

bbl. bbl. 
1939 6,166 10 
1940 «10,965,939 29,962 31 
1941 23,530,319 64,467 47 
1942 29,635,976 81,194 49 
1943 73,622,778 201,706 64 
1944 (9 months) 90,591,599 330,626 74 


Over 230,000,000 bbl. of salt water 
have been returned to the Woodbine 
reservoir in the East Texas field since 
the first well started operation in June 
1938. 

The subsurface injection of salt wa- 
ter in the East Texas field has had a 
dual purpose: first, the return of the 
water to the subsurface formation prac- 
tically eliminated the pollution prob- 
lem; and second, the return of salt wa- 
ter to the lower part of the Woodbine 
reservoir has maintained the bottom 
hole pressure to a remarkable extent. 


Maintenance of Pressure 


In the East Texas oil field, petro- 
leum technologists had determined, 
from years of study of the performance 
record of the field, that the total with- 
drawal of oil and water from the field 
should not exceed 650,000 bbl. per day 
if the reservoir pressure were to be 
maintained. The maintenance of a 
relatively high reservoir pressure 1s 
desirable for two principal reasons: 
first, the dissolved gas in the oil does 
not come out of solution until the pres- 
sure is reduced below 740 psi. and 
while the gas is dissolved in the oil the 
viscosity is low, so that the oil is able to 
move through the pores of the sand 
with facility; second, when the pres- 
enough to force the oil to 
the surface, the oil is produced with- 
out the use of mechanical equipment. 
The elimination of artificial lift equip- 


sure is high 
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ment is in itself a very important 
factor because of the difficulty of ob- 
taining necessary equipment. The pro- 
duction of a barrel of water has ap- 
proximately the same effect on the 
reduction of reservoir pressure as the 
withdrawal of a barrel of oil. Conse- 
quently the water should be either kept 
in the ground or returned to the 
reservoir. 

Another important element in the 
matter of salt water disposal in the 
East Texas field is the question of the 
pollution of streams. Salt water kills 
all vegetation and makes fresh water 
unfit for domestic or industrial use. 
The disposal of approximately 400,00 
bbl. of salt water per day in the field 
was in itself a considerable problem. 

Confronted with the necessity of dis- 
posing of the salt water to avoid sur- 
face contamination and the necessity of 
maintaining the reservoir pressure, the 
oil operators in the field studied the 
possibilities of organizing a company 
to take care of both problems from a 
field-wide standpoint. As a result of 
much study and co-operation between 
the smaller companies and larger con- 
panies, it was finally decided to or 
ganize the East Texas Salt Water Dis 
posal Co., with a capital of $2,000,000 
The corporation was perfected in Av 
gust 1942, with 249 subscribers t 
stock, representing ownership of over 
16,500 oil wells in the field.. This ce- 
operative organization of  seventeer 
large companies and 232 smaller opere 
tors, was an outstanding achieve 


ment in itself. The project had the er: 
dorsement of the Railroad Commissic 
of Texas (the oil regulatory body 1 
the state) and the Petroleum Adminis 
tration for War. High priorities wer 
assigned to the project so that it woul 
be possible to obtain the necessan 
materials. 
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Salt Water Injected by East Texas Salt Water Disposal Co. 
Facilities Furnished no Water Injected, bd/. 
Month 
Leases Wells Month Daily Average 

1942 

October 4 29 1 91,670 2,957 
November 11 80 2 172,942 5,765 
December 27 208 8 323,995 10,451 

1943 

January 64 443 16 710,235 22,911 
February 117 734 17 1,240,094 44,289 
March 139 897 20 1,743,650 56,247 
April 236 1,360 24 2,383,047 79,435 
May sits 266 1,502 26 2,928,503 94,468 
fae 270 1,543 26 3,149,998 105,000 
July a a 290 1,644 25 3,640,251 117,427 
August 311 1,781 26 3,845,285 124,041 
September 340 1,939 27 4,375,650 145,855 
October 334 2,031 28 5,159,557 166,437 
November 356 2,010 30 5,373,495 179,116 
December 382 | 2,100 30 6,043,907 194,965 

1944 
January | 410 | 2,135 31 6,243,047 201,389 
February 422 | . 2259 33 6,031,829 207,994 
March 419 | 2,243 33 | 6,449,001 208,032 
April § | 440 2,369 31 6,412,917 213,764 
May  ~ 445 2,260 32 6,314,692 203,700 
June i Oe af 454 2,303 32 6,239,956 208,665 
July 458 2,323 32 6,587,297 212,493 
August 461 2,354 34 6,792,439 219,110 * 
September 472 2,411 34 6,897 ,687 229,923 - 


points, installed treating plants and ex- 
tended its gathering lines to all opera- 
tors in the field, regardless of whether 
they owned stock in the corporation. 
The company is set up in the nature of 
a public utility with the same rates of — 
service to everyone. 
The salt water is taken directly from — 


Prior to the organization of the East 
Texas Salt Water Disposal Co., sev- 
eral large operators had installed salt 
water disposal plants of their own to 
serve their individual properties. Wa- 
ter produced by other operators was 


not taken into these systems. The the lease tanks, transported through — 
company drilled wells at strategic asbestos-cement pipelines to central _ 


4 


I 

4 

Mechanics of the Project = 

— 


Salt Water Produced and Injected 


TABLE 2 


-~East Texas Field 
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Salt Water Produced, bbl. Salt Water Injected, bbl. | 
Month | verge | Month average | 

1942 | 

October 11,654,946 375,966 2,696,220 87,000 23.14 22 
November 11,215,860 373,862 2,667,973 88,933 | 23.79 21 
December 12,214,000 394,000 2,954,901 95,319 24.19 22 
1943 

January 11,505,960 371,160 3,163,849 | 102,059 27.50 20 

_ February 10,493,028 374,751 3,493,127 124,755 33.29. | 18 
~ March 11,787,564 | 380,244 4,248,994 137,064 36.05 20 

April 11,721,600 390,720 4,824,863 160,829 | 41.16 21 
May Ba 12,007,385 387,335 5,478,541 176,727 | 45.63 21 
June 11,620,050 388,459 5,727,688 190,923 | 49.15 20 
July 12,738,551 | 410,921 6,465,220 | 208,555 | 50.75 23 
August 12,961,038 418,098 6,663,214 214,942 | 51.41 23 
September 12,369,900 412,330 7,306,248 243,542 59.06 23 
October 12,785,392 412,432 8,245,351 265,979 | 64.40 23 
November 12,799,290 426,643 | 8,494,446 283,148 | 66.37 | 23 
December 13,257,243 427,653 9,511,129 | 306,811 71.74 23 
Tot AL (1943)..| 146,047,001 | 400,129 73,622,670 | 201,706 50.41 — 

January 12,188,234 393,169 9,696,855 312,801 79.56 23 
February 11,730,136 | 404,487 9,440,126 | 325,522 80.48 23 
March | 12,555,000 | 405,000 | 10,093,056 | 325,582 | 80.39 23 
April 12,450,000 | 415,000 | 9,895,010 | 329,834 | 79.48 22 
May 13,020,000 | 420,000 | 9,975,973 321,806 | 76.62 23 
June 12,450,000 415,000 9,851,262 328,375 79.13 22 
July 13,020,000 420,000 10,454,856 337,253 80.29 23 
August 13,175,000 425,000 10,596,774 341,831 80.43 24 
September 13,050,000 435,000 10,587,687 592,923 | SiA3 23 
113,638,370 | 414, 739 90,591,599 | 330,626 | 79.72 

treating plants and then returned der construction. Its lines extend over 


time, 
in Table 1. 
has 32 


1942, 


through injection wells below the oil 
water contact of the Woodbine sand. 

The company began its actual field 
operations in October 
shown consistent progress since that 
as evidenced by the data shown 
At present the company 
salt water injection wells in op- 


and has 


eration and three additional ones un- 


a distance of more than 40 mi. on the 
west side of the field where water 1s 


produced. 


Its total 


gathering system 


measures more than 150 mi. 
A charge of 1.8 cents per bbl. is made 
for all water taken from the leases and 


returned to the Woodbine sand. 


At 


this rate a charge of 90 cents would be 


made for handling 50 bbl. 


of water. 
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The operator is allowed to produce one 
additional barrel of oil, worth $1.25, 
for each 50 bbl. of water injected for 
his account. This additional bonus oil 
is sufficient to pay for the salt water 
handling charge, the royalty interest 
and the cost of producing the oil. 
Thus the operator is able properly to 
dispose of the salt water produced 
fom his lease without cost, but with 
considerable benefit to the field as a 
whole. 


0il and Salt Water Production 


During the first five months of 1944, 
an average of 407,522 bbl. of water 
per day were produced from the field, 


ALT water has always been an 

enigma to the oil operator. In wa- 
ter drive pools it is axiomatic that as 
oil production dwindles the volume of 
salt water increases. Its occurrence is 
not widespread but is localized, the 
irst appearance usually being in edge 
wells which are located at low points 
on the structure. Due to this localiza- 
tion and the slow migratory progres- 
sion over the structure, salt water dis- 
posal has long been considered an in- 
dividual problem of the operator so 
affected, and not as a problem concern- 
ing all operators in the pool. Were 
salt water to appear simultaneously 
throughout the pool the problem would 
more than likely receive the co-opera- 
tive attention of all the operators. 
It is evident that if withdrawal of oil 


and salt water from a producing for- 
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AEEINOIS OIL FIELDS—Samuel F. Peterson 


Petroleum Engr., Div. of Oil and Gas Conservation, Illinois Dept. of Mines and Minerals, 
Springfield, III. 


A contribution to the Journal 


during which time the oil production 
averaged only 368,796 bbl. per day. It 
is apparent, therefore, that more water 
is being produced than oil and since 
the reservoir pressure declines at ap- 
proximately the same rate for water 
production as for oil production, it is — 
highly important that the water be re- — 
turned to the reservoir so that the pres- 
sure can be maintained. 

In Table 2, the volume of salt water 
produced and the volume returned to _ 
the reservoir through injection wells is 
shown by months from October 1942 7 
through September 1944. It will be 
observed that 81 per cent of all the wa- 
ter produced is now returned to the 


reservoir. 


mation amounts to a considerable vol- 
ume, the salt water withdrawn should — 
be returned to the producing stratum — 
to offset in part this displacement of 
volume. The return of salt water will 
augment the depleted reservoir pres- 
sure and wash the residual oil from the 
stratum, forcing it up the structural 
dip where it will accumulate at the well 
bores. Usually, by the time the limits 
of an oil pool have been defined, there 
are a number of edge wells ready for — 
abandonment. Instead of plugging 
these wells, the operators, on a co- 
operative basis, should make arrange-— 
ments to leave the casings in the wells 
and reserve them for future salt water — 
disposal irto the producing stratum. 
When salt water first makes its ap- 
pearance, the operator constructs pits 
to contain it, hoping it will evaporate 
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TABLE 1 


Plant Location Source of Supply 


Carmi Little Wabash 
Albion Baupas Creek 
Centralia Lake Centralia, Rac- 
coon Creek 
Flora Little Wabash 
Olney Fox River 
Vandalia Kaskaskia 
Mt. Carmel Wabash 1g 
New Athens Kaskaskia | 
Fairfield Little Wabash if 
Carlyle Kaskaskia 
Zeigler Muddy 
Royalton Big Muddy 
Evansville Kaskaskia 


into nearby 
In [linois 
low as to be 


or that he may drain it 

streams during flood stage. 
the evaporation index is so 
practically negligible so far as being an 
aid in keeping ahead of salt water ac- 
cumulation. Cultivated land is usually 
present in or adjacent to oil pools, so 
that crop and livestock damage is un- 
avoidable and somewhat expensive to 
the operator. 

There are 24 critical areas of public 
water supplies in the Illinois Basin un- 
der the supervision of the State Sani- 
tary Water Board. In 1941 an act was 
passed by the Illinois state legislature 
delegating the set responsibilities of the 
board to the Department of Mines and 
Minerals, who have assumed the cor- 
rective measures in relation to salt wa- 
ter pollution when it has been called 
to their attention. 

The plant locations and sources of 
water supply are given in Table 1. 

Many industrial plants utilizing 
these streams for boiler water supply 
have experienced considerable difficulty 
in the past due to salt water pollution. 
It is estimated that in excess of 95 per 
cent of all salt water violations occur- 
ring in Illinois oil pools are due to 
seepage through and overflow of em- 


bankments. 
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Plant Location Source of Supply 


Vandalia State Farm Kaskaskia 
Clay City Little Wabash 
Louisville cal Little Wabash 
Mt. Vernon Casey Fork 
Salem 4 be Pipeline to Kaskaskia, 

auxiliary 

Fhe. source 
Murphysboro Big Muddy 
Newton Embarrass Creek 
Mascoutah Silver Creek 
Freeburg Silver Creek 
Pinckneyville Beaucoup Creek 
3Zenton Big Muddy Creek 


As the volume of salt water increases 
beyond pit capacity, the operator is 
forced to drill a salt water disposal 
well or convert a depleted oil well to 
a disposal well. In the majority of 
cases, the salt water is returned toa 
non-producing or barren formation of 
a porosity sufficiently high to accomo- 
date a large volume. Operators al- 
most invariably have selected shallow 
barren sands above the producing for- 
mation in which to dispose of salt wa- 
ter. When pressure has been applied, 
the salt water in a number of instances 
has broken out in poorly plugged wells 
or has come to the surface around the 
outside of the casing in wells where 
the casing has not been cemented above 
the disposal formation. Should the 
amount of salt water not exceed se 
eral hundred barrels daily, the dispos 
formation can usually absorb the we 
ter by gravity. When, however, th 


Pr 


volume to be injected approaches + 
thousand or more barrels a day, pump 
must be installed and the salt wate 
forced into the formation at high pres 
sures. Almost all of these disposal op 
erations are carried on individually 
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July 1941, 126 permits have been 
issued for salt water disposal wells. Of 
this number only seventeen permits 
have been issued to inject salt water 
into the producing oil formation. 
(Permits for water-flood wells are not 
included in this number.) 

When one considers the large 
amounts of money spent by individual 
operators for salt water pits, settling 
basins, filtering systems, disposal wells, 
crop and livestock damages and stream 
pollution, the expense of co-operative 
effort should be amply justified. An 
ideal plan would be to unitize the en- 
tire pool for a water-flood project un- 
der the supervision of an Operators 
Advisory Committee. Either a unit- 
ized project or a co-operative program 
will eliminate the unnecessary dupli- 
cation of pits, settling basins, filtering 
systems, compressors, tanks and dis- 
posal wells throughout the pool. 

An unusual opportunity presents 
itself for some agency, such as the IIli- 
nois Petroleum Association, to encour- 
age co-operative action for a two-fold 
purpose : 

(1) To dispose of salt water into a 
common source, namely the pro- 
ducing stratum. 

(2) To utilize salt water as an 
agent to recover the maximum 

ultimate yield of oil in the 
reservoir. 


Problems will arise in invoking a 
co-operative program. Studies should 
be made of cores and cuttings to deter- 
mine porosity, permeability, saturation 
point and lensing characteristics of the 
producing formation to be flooded, as 
well as the subsurface geological con- 
ditions. Haphazard trial and error 
methods and uncontrolled floods should 
give way to the scientific approach and 
controlled floods. Prejudices among 


SALT WATER DISPOSAL IN OIL FIELDS 


operators and landowners around the 
perimeter of the pool must be dispelled. 
Valid objections offered by them must 
be met and compensated equitably. 
For instance, edge well operators and 
landowners may object to the disposal 
of salt water in the producing forma- 
tion. They may contend that the oil 
on their lease will bypass their wells 
before they can recover their just 
share of the oil. These edge well op- 
erators and landowners could be paid 
a minimum rate per barrel for salt wa- 
ter disposed, when their abandoned 
wells are used, to compensate them for 
casing, possible loss of oil and use of 
surface area required for salt water 
disposal purposes. An equitable plan 
could be formulated and disposal de- 
tails handled by an Operators Engi- 
neering Committee to make the plan 
practical. 

There seems to be an unwillingness 
among many operators to introduce 
water into a producing formation be- 
fore the entire pool is ready for aban- 
donment—an unwillingness which is 
often unjustified. For example, many 
operators will have wells in a pool 
no longer profitable to operate, and 
they are receptive to flooding the oil 
stratum. However, a few operators in 
the pool may have profitable wells on 
their leases and they look upon any 
flooding efforts by individual opera- 
tors with considerable distrust and are 
in a position to block such disposal ef- 
forts. As time goes on, this problem 
will become more and more acute in 
Illinois. 
her 


Summary 


1. The history of salt water dis- 
posal in Illinois indicates that very 
little co-operative effort has been made 
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in water drive pools to dispose of salt 
water into the producing strata by 
means of edge wells, before such wells 
are abandoned and plugged. 

2. In dissolved gas drive pools, little 
or no effort is being made to utilize 
salt water by perforating the upper 
strata in depleted edge wells and per- 
mitting the salt water to flood the 
lower producing stratum. 

3. Up to the present time such dis- 
posal has been initiated almost entirely 
through individual efforts in the pool 
and such disposals are usually made 
into barren formations. 

Wr | 


CMP  Open-Ended—The Controlled 
Materials Plan will be open-ended ef- 
fective July 1, 1945, so as to permit the 
delivery after that date, without CMP 
allotments, of steel, copper and alumi- 
num, where delivery can be made with- 
out interference with authorized CMP 
orders. In other words, orders may be 
placed immediately for deliveries to be 
made after July 1, 1945. During the re- 
mainder of the second quarter, however, 
deliveries can be made only on authorized 
CMP orders and permission to place an 
unrated order does not guarantee delivery 
of that order. 

Preference Ratings—The present rat- 
ing system, the emergency AAA Prefer- 
ence Rating and individual directives will 
continue for the third quarter, 1945. 
The WPB Field Offices will be given au- 
thority to give “spot” ratings and assist- 
ance with a greater latitude than is pres- 
ently authorized. 

Construction Controls—The_ construc- 
tion control order L-41 will be retained 
but will be progressively relaxed as re- 
sources become available in order to per- 
mit approval of projects that contribute 
to large-scale future employment and to 
satisfy other highly essential needs. 


‘The WPB’s ‘Summary of Policies’’ of May 10, 1945 


re a The following items are of interest to water works executives: 


4. Both types of pools require ¢o. 
operative programs, where lease own- 
erships are extensively diversified, jp 
order to utilize salt water for augment- 
ing reservoir energy and to flood the 
deeper producing strata either by gray- 
ity or under pressure. 

A real opportunity presents itself 
for some oil association to devote its 
time and attention to studying the 
problem and encouraging such co-op- 
erative efforts for salt water disposal 
and flood, thereby recovering residual 
oil, unobtainable by the usual primary 
pumping methods. 


Availability of Resources—Resources 
of materials, manpower and facilities wil 
become available only as military con 
tracts are actually “cut back.” 

A number of materials are now, and 
are expected to continue to be, in shor 
supply. Among these, for example, are 
containers, pulp and paper, many cheni- 
cals, lead, rubber, Until the “cut 
backs” begin to have substantial effect 
other materials and products may remain 
in short supply. Metals, for example 
will probably remain short for two « 
three months, while sheet steel may te 
main tight somewhat Also ¢ 
must be understood that the release of: 
WPB control or the lifting of a WPI 
order does not mean that every materia 
required by a product will be availabk 

Controls of Other War 
moval of particular WPB controls in » 
way affects the continuing controls @ 
other war agencies. In resuming or & 
panding civilian production, manu factu 
ers remain subject to all applicable rege 
lations of the Office of Price Adminiy 
tration, the War Manpower Commissioj 
and other federal war agencies. 
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Impounding Reservoirs for Salt Water Disposal 
By M. F. Granville 


Field Supervisor, Salt Water Control, Tyler, Tex. 


Presented on Oct. 19, 1944, at the Southwest Section Meeting, Austin, Tex. 


T the present time there are three 
methods of disposing of salt water : 
ontrolled dilution in surface streams ; 
injection in subsurface formation; and 
extraction of the salts. This discus- 
ion will be limited to the first process 
nly: that is, controlled dilution in sur- 
lace streams. 

This method of disposal can be effec- 
tive only when there is sufficient water 
to dilute the brine to the proper extent 
without at the same time affecting the 
jality of the stream water. Hence 
the proper planning and construction 
of reservoirs is essential. 

Even before construction is begun, 
urveys should be made of the normal 
the streams into which the 
impounded water is to be released. 
\lso, studies should be made of normal 
rainfall over the territory or watershed 
iurnishing water to these streams, and 
probable increases in salt water produc- 
tion should be estimated. These con- 
siderations will largely govern the size 


Jand number of impounding reservoirs 


to be constructed. 

Such reservoirs should be designed 
and constructed by an engineer familiar 
with soil dynamics, so that after they 
are built the salt water will not seep 
out through levees nor find its way into 
the subsurface formations through the 


le rege 
 dmini 
imissiC 


bottom of the reservoir. They should 

be constructed of concrete if possible, 

or be lined by the gunite process. 


Experience with reservoirs constructed 
out of available local soils proves that 
while they will serve in an emergency, 
or for about three or four years, after 
that time they deteriorate rapidly and 
begin to allow seepage. 

These impounding reservoirs should 
also be equipped with proper outlet 
pipes and gages. The outlet pipe 
should be leak-proof and fitted with a 
good valve, and should be laid to the 
nearest creek or branch, so that no 
salt water from the reservoir can 
spread over the surface near the pit 
and kill vegetation, nor get into sub- 
surface formations and affect domestic 
water supplies. Adequate gage facili- 
ties should be provided so that the 
amounts of water stored or released 
can be readily ascertained at any time. 


Controlled Dilution 


In the event that there are no rivers 
or streams having sufficient flow at or 
near these reservoirs, into which brine 
may be released gradually, the follow- 
ing plan may be interesting. It was 
devised by the Salt Water Control 
Committee in 1940, and is now operat- 
ing in that part of the East Texas oil 
field known as the Angelina-Neches 
River watershed. 

This plan for the disposal of salt 
water is the result of a suit brought by 
the state of Texas against some 158 | 
oil operators on the Angelina-Neches — 
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River watershed for polluting the 
waters of the Neches River. During 
the trial of the case (State of Texas vs. 
Acme Gas & Oil Company, Ltd., et al., 
Cause No. 53,113-F, 116th District 
Court, Dallas County, Texas ) an agree- 
ment was reached between the At- 
torney General’s office and the opera- 
tors as to a workable plan for dispos- 
ing of salt water. When this happened 
the Court postponed hearing the case. 
The agreement became known as the 
Postponement Agreement, and is the 
authority under which the Salt Water 
Control Committee operates. 

The committee, composed of the 
heads of the Texas State Department 
of Health, State Board of Water En- 
gineers, Attorney General’s Depart- 
ment and the Game, Fish and Oyster 
Commission, drew up a set of rules 
and regulations designed to protect 
vegetation and water supply in areas 
adjoining reservoirs. Specifications 
were given for pit construction of the 
impervious type, pit gages and pit out- 
let pipes to be laid to the nearest creek. 
Sampling stations were installed at 
seven points on Bowles Creek, the 
stream on which this part of the oil 
field is located, and 21 samples are 
taken and analyzed daily. 

In addition to these stations there is 
a gaging and sampling station on the 
Neches River between Jacksonville 
and Neches; one at Striker Creek (a 
continuation of Bowles Creek) be- 
tween Henderson and _ Jacksonville; 
and one at Evadale below the junction 
of the Angelina and Neches rivers. At 
each of these stations samples are taken 
and gage readings made daily. In 
rope 
wy 
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addition to the foregoing stations the 
committee has daily water analyses 
from the lower Neches Valley ‘Au 
thority and the city of Beaumont lab. 
oratory, both at Beaumont. 

Under the foregoing arrangements 
the Committee on Salt Water Contro] 
is well informed at all times regarding 
the condition of the Neches River and 
its tributaries. The rainfall area used 
in computing water for dilution pur- 
poses is 1,261 sq.mi. Rainfall is re. 
ported by the rainfall stations at 
Tyler, Henderson, Jacksonville and 
Nacogdoches and when it is sufficient 
to permit the release of salt water the 
committee issues a_ release order, 
Water is released from storage in the 
field only at such times and in such 
quantities as will not lead to a salt con- 
tent higher than 700 ppm. chloride on 
the Angelina River. 

The committee is further provided 
with weekly reports of the amount of 
salt water in storage by means of cards 
mailed by the operator to the field oi- 
fice. A patrol is maintained to note 
and enforce the proper handling of sal 
water. All pit outlet valves are sealed 
and these seals must not be broken 
until a release order is given. 

From the foregoing remarks it i 
evident that for effective long-time us 
impounding reservoirs for salt wate 
disposal should be constructed of com 
crete or gunite. In the East Texa 
oil field there does not remaiag a singk 
salt water pit, which has been cop 
structed of local soils in the last fow 
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Control of Salt Water Intrusion in Texas ; i 


By A. M. Brenneke 


Former Engr., Salt Water Control, Texas State Dept. of Health, Denison, Tex. 
Presented on Oct. 19, 1944, at the Southwest Section Meeting, Austin, Tex. 


HE problem of salt water intru- 

sion is more far-reaching in scope 
than most people realize. Salt water 
can, and does, damage many sources 
of fresh water. It can retard indus- 
trial development, damage large areas 
where irrigation is of prime importance 
to the economy of the state and its 
citizens, ruin municipal water sup- 
plies and kill fresh water fish. 

Samples taken from the major rivers 
of Texas at many points and over a 
period of years show that every major 
river in the state is contaminated with 
salt water to some extent throughout 
one or more sections of its length. 

The analyses also show that on some 
streams the concentration has been in- 
creasing, while on others, notably the 
Sabine and the Neches, after having 
risen to alarming proportions, the con- 
centration has been decreasing. 

The accompanying map of Texas 
indicates the watersheds of the major 
river systems and the more than 500 
oil fields of the state. These oil fields 
are the sources of most of the salt 
water in the streams. Certain areas 
in West Texas, Oklahoma and New 
Mexico, however, are known to have 
surface soils which contain chlorides 
and sulfates. The contamination from 
these sources is natural contamination 
and it is extremely doubtful that a 
means can be found to prevent the 
rainfall from bringing these chlorides 


and sulfates in solution into the 
streams. 

However, when salt water finds its | 
way from oil fields into the streams 
and underground fresh waters, the | 
contamination is man-made and, there-- 
fore, can be prevented. 

A study of salt water intrusion, made 
by the author during the past several 
months, has revealed the following 


facts. 


critically contaminated. = 
Secause of the contamination on the I. 
Sabine River by oil field salt water, in ~ 
1936 the city of Longview was forced © 
to expend over $400,000 to secure a 
new surface supply. Subsequently, oil — 
was found and is now being produced _ 
in three separate areas on the new — 
watershed. One of these areas is pro- | 
ducing considerable salt water but, for- 
tunately, the producers are controlling 
it and, so far as is known, none is being 
released where it can find its way into _ 
the supply. The question arises: Will 
the city of Longview be forced again — 
to expend several hundred thousand 
dollars for a third water supply ? 
For many years the city of Graham © 
used Salt Creek, a tributary of the © 
Brazos, as its source of water supply. _ 
In spite of its name, the water was 
fresh and good at the plant intake. 
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from the East Texas oil field the | . 
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In 1929 Graham was forced to abandon 
this supply because of oil field salt 
water contamination. A new supply 
was secured upstream on a tributary 
which had adequate runoff and which 
was in an area with no oil develop- 
ment. There are now about 130 oil 
wells on the new watershed, most of 
which are producing salt water. A 
jew wells are on the watershed just at 
the head of the reservoir and salt water 
from these is supposed to be ditched 
through the divide away from the 
watershed. The only other known at- 
tempt to control salt water is by plac- 
ing it in surface pits, where evapora- 
tion removes some of the water but 
none of the salt. What is retained is 
released during periods of good flow in 
the streams. In practice this method 
has not proven satisfactory and is most 
undependable. As a result, the chlo- 
ride content of Graham’s reservoir has 
risen from O ppm. when new to about 
38 ppm. in the summer of 1940. This 
isnot yet serious, but will it be? Will 
the city of Graham be forced again to 
expend a large sum of the taxpayers’ 
money for a third water supply ? 

A few years ago the source of supply 
ior the city of Lockhart was a shallow 
stratum of underground water south 
of the city. On the upper reaches an 
oil field was developed and pits were 
dug for the storage of the salt water. 
These pits penetrated the water-bear- 
ing gravel bed and caused rapid and 
direct contamination of the supply. 

Little is now known of the degree of 
infiltration or intrusion of salt water 
into the lower water-bearing sands. 
The time required for infiltration at 
the surface to reach a well some miles 
away is, possibly, many years. It 
therefore follows that a high salt water 
intrusion would require years to be- 


SALT WATER CONTROL IN 


TEXAS 


come noticeable—and just as many 
years to be cleared up. 

Numerous reports have re- 
ceived regarding the salt water con- 
tamination of shallow wells in and near 
oil fields. This is a condition that still 
exists in many oil fields. 

In the use of water for irrigation, the 
Rio Grande Valley, the Pecos Valley 
and the Gulf Coast area east of Hous- 
ton are probably the most important 
to the state. The rice growers around 
Beaumont and Orange were, and are 
still, concerned about the chloride con-_ 
tent of the water they use for irriga- 


tion. At present, chlorides are css 


enough for satisfactory use in the lower 
reaches of both the Sabine and the 
Neches. This is due to the control of 
the salt water from the East Texas oil 
field (however imperfect this control 
is known to be) plus dilution from the 
tributaries below the oil field. . 

On the Rio Grande, samples taken 
in 1944 showed chlorides as high as 
800 ppm. This is too close to the — 
limit of tolerance reported for many > 
crops grown in this area and is too | 
high for satisfactory municipal use. _ 

On the Pecos, near Girvin, chloride — 
contents ranging from 3,000 ppm. to— 
5,050 ppm. were found in the 108 © 
samples taken between April and Au- _ 
gust 1943. The Pecos is one of the © 
rivers which carry considerable con- ie. 
tamination, but it also carries drainage 
from oil fields. Samples taken from — 
small creeks below oil fields showed — 
chlorides present varying between 25,-_ 
000 and 46,000 ppm. These creeks — 
are on the Pecos watershed and add to_ 
the natural contamination. 

There has been considerable discus- 
sion recently regarding the industrial 
development of the state—about large 
firms erecting huge plants for process- 
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ing some of the resources of the state, 
either agricultural or mineral; and 
about the reconversion of existing war 
facilities to peacetime pursuits. The 
quantity of water any such large in- 
dustrial plant needs does not seem to 
have been considered. To illustrate, 
the Southland Paper Mills near Lufkin 
report they use 10.0 mgd. and then re- 
use 1.5 mgd. of this. It is also reported 
that the Dow Chemical Co. plants near 
Freeport anticipate a water require- 
ment of 100 mgd. In addition to the 
huge quantities needed, there are mini- 
mum standards of quality to be met 
for the successful operation of an in- 
dustrial plant, and almost without ex- 
ception the chloride content must be 
much lower than that for a municipal 
supply. 

The Game, Fish and Oyster Com- 
mission has been most active in efforts 
to maintain the chloride content of the 
streams within safe limits for fresh 
water fish. The term “safe limits” 
varies for several species of fish com- 
mon to Texas streams and more ex- 
perimental work is necessary before 
the proper limits can be determined. 
The work that has been done indicates 
that chlorides to the extent of about 
2,000 ppm. are probably too high for 
some fresh water fish in Texas, but 
are not too high for others. 

Briefly, the foregoing are the condi- 
tions which exist. The controls which 
are being practiced in the East Texas 
oil field are admittedly not too good 
and depend largely on the individual 
producer. 

What, then, is the solution to the 
probleni? Only three possibilities ap- 
pear to have any merit: (1) keep the 
salt water out; (2) dilute the salt water 
with fresh water; or (3) use a com- 
bination of these. 
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An existing state law prohibits con- 
taminating a water course to a degree 
detrimental to any of the normal uses 
of the stream or its waters. Taking 
into consideration the present needs of 
the waters in the Angelina and Neches 
rivers and the diluting flow from triby- 
taries, state enforcement agencies have 
set 2,000 ppm. as the chloride limit 
below the East Texas oil field. This 
limit is satisfactory so long as no use 
is made of the stream that will require 
a water of higher quality within the dis. 
tance downstream from the point of 
contamination as may be needed to 
permit the entrance of sufficient dilu- 
tion water to lower the chloride con- 
tent to the desired point. In some rare 
cases this may be but a few miles; in 
others it will probably be around 100 
mi. For example, the Sabine at Lo- 
gansport is not very satisfactory for 
municipal use many miles below the 
point of contamination. In still other 
cases a stream may be ruined for nearly 
its entire length, particularly if a 
chloride content below 35 or 40 ppm. 
is required. 

The law also provides a penalty for 
violation—a fine of not less than $1% 
nor more than $200—and permits the 
issuance of an injunction to prevent a 
recurrence of the offense. The fine 
does not seem to have been effective in 
stopping the dumping of salt water. 
It appears to have worked on the order 
of fining a theater operator $20 for 
opening on Sunday. The fine was paid 
but the theater continued to open on 
Sunday. The operator merely made 
$20 less that day than he would have 
made otherwise. 

Court proceedings through injune- 
tion are a real threat to an oil produce! 
who violates the law, but it is such 
slow cumbersome process that many 
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who are familiar with conditions are 
of the opinion that there is need for 
revision of the existing law and its en- 
forcement provisions. It appears to 
the author much more desirable to pre- 
yent contamination than to try to cor- 
rect it after it has happened. 


Suggestions and Recommendations 


The following suggestions are of- 
fered as means of controlling salt water 
in Texas: 

1. By statute, create a Salt Water 
Control Commission, composed of the 
state health officer, the chairman of the 
Board of Water Engineers and the 
chairman of the Game, Fish and Oyster 
Commission. The commission should 
be instructed to employ a qualified reg- 
istered professional engineer as execu- 
tive, together with an adequate staff to 
gather data, to care for the operation of 
the office and to prepare cases against 
violators of the law. 

2. By statute, instruct the Railroad 
Commission to shut down any well in 
any oil-producing area within five days 
of the receipt of a certificate from the 
Salt Water Control Commission that 
salt water from any certain well or 
group of wells is being permitted to en- 
ter a water course or a fresh water- 
bearing stratum of underground water 
to an extent that is detrimental. Such 
a well or group of wells should be re- 
quired to remain closed down until the 
Salt Water Control Commission has 
certified to the Railroad Commission 
that the producer has made arrange- 
ments for the disposal of salt water 
that are satisfactory to the Salt Wa- 
ter Control Commission. Instruct the 
Railroad Commission that no oil from 
such well or wells so shut down is to 
be accepted in commerce during the 
period of the shut-down. 
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Require the issuance of a drilling | 
permit by the Railroad Commission — 


prior to the drilling of any well for oil — 
or gas, and require that such permit > 
shall not be issued until the receipt of 
a certificate by the Salt Water Control 
Commission that the operator has filed 
plans for the control and disposal of all — 


oil well wastes and that such plans | 
have been approved by the Salt Water — 


Control Commission. 

3. Authorize the Salt Water Con- 
trol Commission to prescribe 
regulations as may be deemed neces- 
sary for the enforcement of the law, 
and to require the submission and 


of salt water disposal contemplated by 
Require that no well 


prior approval of all proposed methods | 


all producers. 


shall be drilled for oil without first ob- | 
taining a drilling permit as stated in | 


Par. 2 above, and fix a heavy penalty 
for violation of this requirement. 
4. Assess a charge of one cent per 


100 barrels of oil produced against — 


each producer, to be paid by the first 
purchaser of oil from the well and — 
paid monthly to the state rather than 
to the producer. This fund will be for — 
the exclusive use of the commission in 
salt water control and enforcement. 

5. Repeal all conflicting sections of | 
the existing law. 

The cost of operating such an agency 
is estimated to be about $75,000 for the 
first year and about $70,000 per year 
thereafter. One cent per 100 barrels © 
of oil produced is adequate. The state 
of Kansas charges four cents per 100 | 
barrels of oil for the supervision of salt 
water disposal. 

It is realized this is but one of sev- 
eral ways to finance the proposed com- 
mission. Financing could be by legis- 
lative appropriation, but it is believed 
the cost should be borne by the oil 
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producers rather than by the taxpay- 

ers. It is believed that an assessed 

charge should be based on the quantity 

of salt water produced, rather than 

against the quantity of oil produced. 

7 However, simplification seems to indi- 
cate the proposed method is easiest and 
cheapest, and it is of minor significance 
to a producer whether the assessement 
be against oil produced or against salt 
water produced. 

It should, be noted that all the so- 
called major companies and a great 
number of smaller producers are fully 

cognizant of conditions and are spar- 

ing no effort to keep salt water con- 
tamination of fresh waters within safe 

limits. 

It is believed that these proposed 
changes in the present law will tend to 
eliminate violations of the law, will 
promote a fuller understanding of the 
responsibilities of the producers and of 
the several state agencies now con- 
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cerned, will result in a greatly im- 
proved stream condition and, at the 
same time, will work no hardship on 
any oil producer who is trying to pro- 
tect the fresh waters of the state. 


Another solution to this problem 
would be to devise some system where- 
by it would be to the advantage of each 
oil producer to take proper care of his 
salt water. A _ solution along these 
lines appears doubtful, however, for 
even though satisfactory in principle, 
some control would be necessary to de- 
termine what constitutes satisfactory 
disposal. Experience for many years 
has shown that this cannot be left to 
the individual producer. Quite pos- 
sibly the best solution would be a com- 
bination of these two methods, that is, 
close supervision with a charge for the 
cost of supervision and a credit for 
good control, possibly in the way of 
some additional allowable oil produc- 
tion to offset the cost of supervision. 
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N the December 1941 ‘“‘Census of 


U.S. Municipal Water Softening 
Plants” |[Jour. A.W.W.A., 33: 2153 
(1941) a tabulation was made of all 
plants listed at that time, with impor- 
tant data relative to each. 

In assembling the information shown 
in that census, the list of plants was 
compiled from the records of the vari- 
ous state departments of health, con- 
sulting engineers and manufacturers’ 
representatives, and from private in- 
formation in the possession of the 
author. A questionnaire was sent to 
each plant thus listed. 

All but twelve plants replied. It 
was felt that the tabulation was very 
nearly complete because the data were 
checked by the various state health de- 
partments who supervise all municipal 
plant operations. In compiling an ad- 
ditional list as of Jan. 1, 1945, how- 
ever, it was found that some plants 
which were operating prior to Sept. 1, 
1941, were actually in operation as 
water softening units. Some of the 
plants now shown under “New Plants 
Listed Since December 1941” were no 
doubt under construction late in 1941 
but were not as yet subject to the 
operational jurisdiction of the state 
health departments, and were there- 
fore not listed in the previous census. 

The data compiled by the U.S. Pub- 
lic Health Service and published in the 
Jan. 27, 1943, issue of Water Works 


Engineering (96: 63) entitled, “Water 


1944 Census of U.S. Municipal be 
Water Softening Plants 


- By H. M. Olson 
Advisory Maint. Engr., Ohio Salt Co., Wadsworth, Ohio 


A contribution to the Journal 


Treatment Plants in U.S.,” were used 
as a basis in assembling the informa-— 
tion concerning additional plants as of 
Jan. 1, 1945. The names of plants | 
were sent to the various state health 
departments for a check on accuracy 
and for possible additions. With the 
revised list a questionnaire was sent 
out requesting information regarding — 
the type of softening, whether zeolite — 
or chemical precipitation, and the year _ 
in which softening operations were | 
started. 

Replies were received from about 80_ 
per cent of the 117 questionnaires. — 
Surprisingly enough, several plants re-_ 
ported that they do not soften their — 
water supply and they are therefore not 
included in the listings. It was found — 
that 108 new softening plants are now | 
in operation, which, with the nineteen _ 
from the previous census now not. 
operating, left a gain of 89 plants. 

The plants from which no answers— 
were received are listed as to type of | 
plant as shown in the U.S.P.H.S. Sur- 
vey, and, since most of the names were 
shown in the 1942 Addenda of the sur- | 
vey, 1942 is used as the year in which _ 
those plants went into operation. 

In the listings to follow several — 
plants, notably in Indiana, Minnesota — 
and Wisconsin, are shown on which | 
construction was begun in 1945. Al- | 
though these plants are not yet in> 
operation, they will be in about a month 
or two, and are therefore included. 
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The accompanying figure shows the 
growth of municipal softening in the 
United States from 1905 to 1945. 
The following states show no record 
of municipal water softening plants and 
are therefore not included in the tabu- 


lation below: Connecticut, Idaho, 
Maine, New Hampshire, Oregon, 
Rhode Island, Utah, Vermont and 
Wyoming. 


The division of softening plants by 
areas is shown in Table 1. 

The tabulation below shows the per- 
centages of chemical precipitation and 
zeolite plants as of December 1941 and 
January 1945: 


December 1941 January 1945 


Percent- Percent- 

Type of No.of ageof No.of ageof 

Plant Plants Total Plants’ Total 
Chemical 
Precipi- 

tation 377 65.5 427 64.2 

Zeolite 199* 34.5 238* 35.8 

TOTAL 576 100.0 665 100.0 


* Including two chemical-zeolite plants. 


Table 2 is a summary of the esti- 
mated total population served by water 
softening plants as of Jan. 1, 1945. 


rABLI 


at 1941 1945 Gait 
New England States (Massachusetts) 1 2 1 
Northeastern States (Delaware, Maryland, New Jersey, 

New York and Pennsylvania) 57 
Central States (Illinois, Indiana, Michigan, Ohio and 

Wisconsin) iad 250 ~—275 25 
Southeastern States, East of Mississippi River (Ala- pret Fy 

bama, Florida, Georgia, Kentucky, Mississippi, North 

Carolina, South Carolina, Tennessee, Virginia and 

West Virginia) 13 
Western States (California, Nevada and Washington) 
Rest of States West of Mississippi (Arizona, Arkansas, 

Colorado, Iowa, Kansas, Louisiana, Minnesota, 

Missouri, Montana, Nebraska, New Mexico, North 

Dakota, Oklahoma, South Dakota and Texas) ry ” 185 ae 224 39 
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The division of plants by size of 
population served is: 


Decem- Janu- 
ber ary 

1941 1945 Gain 

Under 1,000 fess 147 194 47 
1,000 to 5,000 240 272 32 
5,000 to 10,000 79 88 9 
10,000 to 20,000 56 55 —| 
20,000 to 50,000 31 32 1 
50,000 to 1,000,000 22 23 1 
Over 1,000,000 1 1 0 
TOTAL 576 665 89 


The biggest gains were made in the 
smaller communities with populations 
under 5,000, which would indicate that 
the smaller communities have become 
aware of the savings that can be ef. 
fected with softened water supplies. 

From the above data it will be noted 
that the relationship between the num. 
ber of zeolite and chemical precipita. 
tion plants has remained essentially the 
same as in December 1941. 

Although most of the additional 
plants were installed in the lower popv- 
lation group, it is expected that in the 
postwar period of construction many 
cities in the larger population grow 
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Estimated population served, Dec. 1, 1941 
(based on 1940 census) ! 


TOTAL 


TOTAL 


mately 7,500,000.2 Approximately 
total of figures noted above 


TOTAL 


shifts of population (approximate) 


164,000, 


and 7,000,000 now out of the country. 


will install water softening plants. 
Such cities as Freeport, Ill., Daven- 
port, Iowa, Louisville, Ky., Dayton, 
Ohio, Des Moines, Iowa, and Spring- 
field, Ohio, have either indicated that 
they will go ahead or have already re- 
tained consulting engineers to draw up 
designs, plans and specifications. It is 


1,000 municipal water softening plants 
by Jan. 1, 1950, which will be about a 
530 per cent gain over the number now 
installed, or about 355 plants at the 
rate of from 65 to 70 plants per year. 
Even such plants as Chicago’s South 
Side Filtration Plant, which is so de- 
signed that it can be converted at small 
cost to a softening plant, may be in 
operation as a softening plant by Jan. 
1, 1950, or soon thereafter. The same 
is true for Milwaukee, Wis., Cincin- 
nati, Ohio, and other plants. 

The fast growth of the soft water 
service system is another factor to be 


June 1945 — CENSUS OF WATER SOFTENING PLANTS 


Estimate of Population Served by Water Softening Pit: 
January 1, 1945 


Estimated population in additional 108 plants listed as of Jan. 1, 1945 on 


Less: Estimated total population of 19 plants no longer operating — 


Increase in population of the United States as of Jan. 1, 1945, is approxi- 
5.72 per cent increase covering 


Ten per cent increase in urban population due to war conditions and other sot al 


GRAND ToTAL POPULATION SERVED BY WATER SOFTENING PLANTS 


1 This figure does not take into consideration any additional communities that may now Yoh 
be served by the plants listed in the December 1941 census or in the January 1945 listing. ie : 
2 Large drop in population due to city of Grand Rapids, Mich., with a population of oer - 
and Wichita Falls, Tex., over 45,000. 
3 This does not take into consideration the armed forces population of between 6,000 000 i“ 


estimated that there will be well over. 


— 


548,462 


10,460,537 
309,521? 


10,151,016 


580,637 
10,731,653 
1,073,165 


11,804,230 


taken into consideration in softening 
water for municipal uses. The first of 
these was started in Rockford, Ill., in _ 
1937 and later at Wheaton, Ill., and 
Hagerstown, Md., in 1938. These © 
plants operate from 90,000 to 110,000 
units with 2,600,000 regenerations 
annually, supplying into homes or com- | 
mercial plants a water softened from 15 _ 
grains average hardness to zero hard- 6 
ness. The approximate population — 
thus served will be around 350,000 to 
375,000. Each unit contains about 16 
cu.ft. of synthetic gel-type zeolite. 
Special zeolites are used where iron _ 
and manganese are present. Where 
hydrogen sulfide is present a special — 
zeolite with an activated carbon ad-— 
mixture is used for taste removal. 
These soft water units are now in — 
use at approximately 200 central serv- _ 
ice plants serving 310 communities. 
Most of the service plants are operated 
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NUMBER OF PLANTS 


fifteen municipalities are now offering 
this service to their consumers. 

In addition to the conventional do- 
mestic zeolite softener which has been 
in use for many years and which is usu- 
ally installed, owned and operated by 
the consumer, there are two types of 
soft water service equipment. One, a 
steel pressure shell, is filled with zeolite 
that is connected into the service by a 
set of bypass valves. This shell is re- 
placed with a similar unit when the 
zeolite has been exhausted. The ex- 
hausted unit is then taken to a central 
regeneration plant where multiple sets 
of units may be backwashed, regen- 
erated, sterilized and made ready for 
use again when required. 

The other system consists of a steel 
pressure tank with a hinged top into 


rA-CHAS. P. HOOVER , 1930 110 

B- CHAS. P. HOOVER, 1933-34 134 

C-M.N BAKER, JOUR. A.W.W.A, 26: 929 (1934) 150 

D-A.W.W.A. CENSUS, 1930-31 144 

FE-H.M. OLSON CENSUS, APRIL 1938 395 
F-H.M. OLSON CENSUS, APRIL 1938 109 
= G-STATE OF CALIFORNIA REPORT, 1924 19 
3400 H-H.M.OLSON CENSUS, APRIL, 1938 286 
FJ-H.M.OLSON CENSUS, DEC. 1941 576 
© K-H.M. OLSON CENSUS, DEC. 1941 377 4 
= L-H.M. OLSON CENSUS, DEC. 1941 199 } ; 
M-H.M. OLSON CENSUS, JAN. 1945 665 
N-H.M OLSON CENSUS, JAN. 1945 427 
O-H.M. OLSON CENSUS, JAN. 1945 / 
° < 
« 200 3 5 
a 
NOTE: DATA PRIOR TO 1924 
5 ARE NOT SUBDIVIDED. : 
z | 

\ 
ToTAL_NO.OF WATER sor Ten 
1905 1910 1915 1920 1925 1930 1935 1940 1945 
YEAR 


which are placed four bags of zeolite. 
When exhausted, the bags are removed 
and the contents replaced with active 
zeolite mineral. The exhausted zeolite 
mineral is removed to a central plant 
where it is dumped, backwashed and 
regenerated and a small chlorine steri- 
lizing pellet inserted in the softener 
unit. A monthly service charge is 
made depending on the water hardness 
and the number of regenerations. 
Table 3 lists the new installations 
made since the December 1941 census 
Also listed are those plants included in 
the December 1941 census which have 
for one reason or another been dis- 
continued as water softening plants 
Table 4 shows the number of water 
softening plants divided into types for 
December 1941 and January 1945. 
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: June 1945 CENSUS OF WATE 
Vol 


/ Water Softening Plants Installed and Discontinued Since December 1941 - 
y, 12 New Plants Listed Since December 1941 Plants No Longer in Operation 
sate | city | | | 
10 -|—_— ‘ 
California Hawthorne 1941 ¢ 
A Florida | Holly Hill 1942 
18% New Smyrna Beach 1941 Z 
Illinois Blue Mounds 1942 | Z | Kincaid 
Camp Point oo 1942 Z 
|. Chatsworth 1942 Z 
z Crossville 1941 yA 
Mt. Auburn 1942 
14 5 Mackinaw 1942 Z 
Prairie du Rocher 1940 y A 
Sparta 1945 Z 
Indiana Lawrenceburg 1942 z Elnora 
0 | Edwardsport 1928 Z 
Greendale 1945 
1945 | 
Greensburg 1945 C 
‘ 
lowa Hedrick 1941 |Z 
eolite. Alden 1940 c t 
Corwith : 1941 y 
noved 
activ | Elk Horn 1942 
Mediaopolis 1942 | Z 
plant Redfield 1941 
1 and Swea City 1942 Z 
steri- West Burlington 1939 
Woodward 
tener Carson 1941 Z 
ge is Winfield 1941 Z 
‘dness 
Kansas 1 Strong 1937 Cc | Council Grove 
Emporia 1937 Cc Eldorado 
ations | Ottawa 1939 
nSus, q Marion 1942 | C | 
led in | Eudora 1942 + 
have | Wichita 1940 Cc 
di Fort Scott 1942 < 
oS | Elwood | 
ants. 
water 


es for 


of 
| 


TABLE 3—Continued 
New Plants Listed Since December 1941 Plants No Longer in Operation 
: Year Type : Type 
State City Installed | Plant City Plant 
Kentucky Clay | 1942 Z Dixon Cc 
Glomawr 1940 Jenkins 
Sturgis Cc 
Wheelwright € 
Jennings 1941 Cc Monroe C 
Gramercy 1943 Cc Patterson Cc 
Houma 1942 Cc St. Martinsville C 
Marrero 1942 C 
Tallieu 1942 C 
Weeks Island 1942 C 
New Iberia Cc 
Massachusetts Lanesboro 1941 
~ Michigan Ramsay 1942 c Anvil Location C 
Minnesota Chisholm 1938 C 
_ Le Roy 1945 C 
Missouri Princeton 1942 
Maryville 1942 T 
Carrollton 1942 Z V 
St. Charles i042 | 
Slater 1942 Cc W 
, Tarkio 1941 | C 
Wellington 1942 G 
Montana Columbus | 1941 Z 
Nebraska Stromsburg 1942 Cc 
Syracuse 1942 Z 
Nevada Reno 1942 
New Jersey Holland Township =: 
Wi 
New York Wappingers Falls 1941 Z 
Latham Water District Z 
North Carolina Washington 1944 | Z Z 
North Dakota Cooperstown 1941 Cc 
= 
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June 1945s CENSUS OF WATER SOFTENING PLANTS 591 


New Plants Listed Since December 1941 


Plants No Longer in Operation 


State City I a. 
Ohio 4 Chauncey | 1942 
Hilliards 1942 
| Mt. Orab- 1942 
Rushsylvania 1942 
Somerset 1942 
Sycamore 1942 
Oklahoma Okemah 1942 
Pennsylvania Aliquippa 1942 
Alicia 
Aurora Village 
Vandergrift 1942 
N. Versailles Township 
(McKeesport) 1942 
Ross Township 
(Allegheny County) 1943 
South Carolina Bamberg 1942 
South Dakota Chamberlain 1942 
Tennessee Jefferson City a 1942 
Virginia Shenandoah le | 1942 
West Virginia Bradshaw 1938 
Elkhorn 
Eckman che 1934 
pi Monaville 1942 
Upland 
Vivian 
Wisconsin Campbellsport 1942 
mro 
Appleton 1942 
Chilton 1945 
Cambria 1945 
Markesan | 1945 


Type 
Plant 


NN ANNAN A 


AANAAANAANAN A A 


NNNONN 


City 


Type 
Plant 


McDonald 


any 


Orangeburg 


Wichita Falls 


eration 
= 
Cc 
| 
| 
4 
| | | 
Cc 
Co 
Cc { 
of 
| 
xa 
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Number of W ‘ater Softening Plants ls for 2 1941 1945, 
Showing Gain or Loss in Total Number of Plants 
— 
December 1941 January 1945 ( 
Chemical Chemical Total 
4 7 Zeolite Precipi- | Total Zeolite Precipi- | Total Plants f 
4 0 4 4 0 4 0 
Arizona 2 0 2 2 0 2 0 
Arkansas 0 4 4 0 4 4 0 
California 3+1 CZ* 6 10 3+1 CZ* 7 11 +1 
Colorado 0 1 1 0 1 1 0 
Delaware a 1 1 0 1 1 0 Su 
Florida 3 20 23 | 4 21 25| +24K 
Georgia 1 3 4 1 3 4 0 ‘4! 
Illinois 7 41--1CzZ* 34 76 | 49+1 CZ* 37 87 +11 en; 
Indiana 10 6 16 | 13 6 19 | + we 
Iowa 22 | 22 25 #47 +12 all 
Kansas 0 7 23 23 0 29 29 + 6 Sy: 
Kentucky 1 8 9 3 4 7 — 2 
Louisiana Ss . 23 26 3 28 31 + 5 int 
Maryland 2 : 0 z Z 0 2 0 sta! 
Massachusetts 1 0 1 2 0 2 +1 dire 
Michigan 4 14 18 4 13 17 — 1 | oth 
Minnesota 2 12 14 2 14 16 +2 § Dey 
Mississippi 1 2 1 1 21° by« 
Missouri 19 ' 22 41 | 20 29 49 +8 Fon: 
Montana 0-7 2 2 1 2 3 +1 § Vine 
Nebraska 1 ; 3 4 2 4 6 + 2 [| cate 
Nevada * O- 1 1 0 2 2 + 1 § tion 
New Jersey 1 - ; 0 1 2 0 2 + 1 § affec 
New Mexico 0 1 1 0 1 1 0 F of d 
New York 12 _ 0 12 14 0 14 + 2 § wher 
North Carolina 3 f 2 5 2 3 5 0 | powe 
North Dakota 1 7 7 8 1 8 9 + 1 § Cod 
Ohio 23 - 98 121 | 23 104 127 + 6 F plies 
Oklahoma O “4 3 3 0 4 4 | +1 wate 
Pennsylvania 14 27 41 16 31 47 + 6 § tions 
South Carolina 1 4 4 0 4 0 ing si 
South Dakota 0 6 6 0 7 7 + 1 § of dey 
Texas 5 10 15} 5 10 15 0 of in 
Tennessee | O 0 0 0 1 1 + 1 Fillustr 
Virginia 7 2 9 7 3 10 + 1 § Fairh: 
Washington I 0 1 1 0 1 0 f water 
West Virginia 6 5 11 | 8 14 22 +11 § Achus 
Wisconsin 10 9 19 | 15 10 25 | +6 New 
—-— —|————f in ma 
ToTaLs 199 377 576 | 238 427 | 665 89 Hvanr 
* Combination Chemical Precipitation-Zeolite Plant. ae. he 
Verto) 
Tashm 


ti 
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Key: In the reference to the publication in which the abstracted article appears, 
(Mar. '42) indicates volume 34, page 412, issue dated March 1942. 


Abstracts of Water Works Literature 


If the publication i is paged 


by the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated March 


1942. 
follows: 
Health Engineering Abstracts; W.P.R. 
Metals (British). 


FLOODS, HURRICANES AND 


Effect of the 1944 Hurricane on Water 
Supplies in Massachusetts. Francis H. 
KincsBurY. J.N.E.W.W.A. 59: 1:13 (Mar. 
45). On morning of Sept. 14 dist. san. 
engrs. of Mass. Dept. of Public Health di- 
rected to stand by throughout day, to fuel 
all cars and to check equipment and supplies. 
System of water supply co-ordination, organ- 
ized in '41 under State Emergency Plan, set 
inmotion. Water supply officials throughout 
state notified of probable hurricane and 
directed to fill all standpipes and take such 
other precautions as they deemed necessary. 
Dept. kept informed of progress of hurricane 
by office of Adjutant General. At 11:15 P.M. 
on Sept. 15 reports received from Martha’s 
Vineyard, Nantucket and Provincetown indi- 
cated that all public water supplies in opera- 
tion and that no source of public water supply 
affected by flood waters, although 2 instances 
of damage to water mains. In all cases 
where pumping mchy. dependent on elec. 
power only, such power restored. In Cape 
Cod and Buzzards Bay areas, all water sup- 
plies had auxiliary motive power for pumping 
water or regular diesel engines. Installa- 
tions of auxiliary power units at many pump- 
ing stations due in part to recommendations 
of dept. following '38 hurricane. Importance 
of interconnections between municipalities 
illustrated where water mains broken at 
Fairhaven and Hyannis. At Fairhaven 
water being obtained for section of town from 
Achushnet which is supplied with water from 
New Bedford. Break at Hyannis occurred 
in main from Hyannis to Hyannisport and 
Hyannisport supplied through connection 
with Centerville-Osterville Water Dist. until 
main could be repaired and disinfected. 


At Tisbury, dike near source of water supply 
overtopped several inches by salt water from 
Tashmoo Pond but did not result in poln. 
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Initials following an abstract indicate reproduction, by permission, from periodicals, as 
B.H.—Bulletin of Hygiene (British); 
-Water Pollution Research (British); I.M.—Institute of 


C.A.—Chemical Abstracts; P.H.E.A.—Public 


Some semi-public water supplies in roel 


of Sagamore in Bourne without power for 
pumping water, but water supplied to resi- — 
dents by means of Army water trucks from — 
Camp Edwards. not as devastat- 
ing as that of ’ Dist. san. officers con-_ 
tacted all local pelle of health in south-— 
eastern Mass. to offer assistance relative to 

private water supplies or health hazards 

resulting from flooded bldgs. _Mimeographed 

copies of instructions for disinfection of 

drinking water, inundated basements, etc., 
given to local health officials for distr. Dept. | 
offered to assist local boards of health in | 
analyzing samples of water from inundated © 
wells. Of 82 private sources of supply | 
examd. 46 found to contain chlorides in such | 
amts. 
most domestic purposes and 29 found to — 
contain water with large numbers of coliform | 
organisms. Latter wells since disinfected, 
pumped out and rechecked as to chloride 
content. Procedure developed to det. in 
field chloride content or salinity of water in . 
wells, as follows: Use clean glass-stoppered © 
bottle of 8-oz. capac. Pour 50 ml. of sample — 


into bottle and add 1 ml. of potassium chro- _ 


mate indicator soln. (50 g./l.). Add entire — 
contents of one of amber glass ampoules | 
which contain 2$ ml. silver nitrate soln. 
(48.9 g./l.). Shake vigorously for 4 min. 
If, at end of that time, and while still shaking, — 
soln. appears anywhere from faintly reddish | 
to brick red in color, chloride content less than — 
500 ppm. If soln. remains lemon yellow in | 
color, chloride content greater than 500 ppm. — 
and water would be unpalatable because of 
salty taste. Recent hurricane indicates that — 
storms of this nature may be expected from | 
time to time and emphasizes importance of 
auxiliary units for pumping water and inter- 
connections between municipalities. 


19 


as would make water unsuitable for _ 
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Effect of the 1944 Hurricane on Rhode 
Island Water Supplies. WALTER J. SHEA. 
J.N.E.W.W.A. 59: 1:19 (Mar. '45). Sept. 
14, ’44, hurricane caused far less damage to 
Rhode Island property than ’38 hurricane. 
Combination of high tide and high wind 
which characterized '38 hurricane absent in 
latest storm. Consequently damage caused 
by flood waters relatively small. Loss of elec. 
power not widespread and every water util. 
in state had power from one source or another 
within few hours of end of storm. Only 2 
water supplies in state affected seriously. 
(1) Bristol Co. supply: Forced to shut down 
and leave consumers of 3 towns without 
water for 2 days. Source of supply consists 
of 4 impounding reservoirs, 3 of which supply 
water to fourth or intake reservoir. Water 
from intake reservoir pumped to purif. plant 
and after treatment pumped into system. 
Low dam prevents sea water of tidal portion 
of Kickemuit R. from mixing with intake 
reservoir water under normal conditions. 
High water which accompanied storm, how- 
ever, caused sea water to overflow dam. 
While elec. power to operate pumping equip. 
restored after brief interruption, to maint. 
water service would have been necessary to 
pump water of high salt content into system. 
Decided not to do this because (1) water 
could not be used for drinking, (2) it would 
have adverse effects on boilers and other uses, 
and (3) it would take some time to free system 
of it when fresh water became available. 
Instead, work started to install wooden flume 
750’ long to connect pipe, which empties 
water from Shad Factory reservoir into upper 
end of Kickemuit reservoir, directly with 
pumping station intake and thus bypass 
salted reservoir. By working 24-hr. day 
flume completed in about 36 hr. Water 
service restored in 48 hr. During shut-down 
elevated storage tanks cut off to conserve 
their contents for fire protection purposes. 
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9ist Annual Report (For Year Ending 
June 30, 1943), Dept. of Water Supply, De- 
troit, Mich. Dept. operates under 4-man 
board of water comrs. Estd. pop. of city 
1,865,000; pop. served 2,314,540. 415,053 
services 99% metered. 28,028 hydrants in 
city of Detroit only. Water supply from 
Detroit R. distributed by direct pressure 
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When filtered water turned into mains again 
heavy dose of chlorine applied to provide 
safeguard against contamn. that might haye 
found its way into partially emptied piping 
system through either back-siphonage ¢, 
leaks in system. Addnl. precaution takep 
of warning users to boil all drinking water 
drawn from system for period of 36 hr. after 
service restored. Residual chlorine tests 
showed that chlorine had become well djs. 
tributed throughout system. (2) Newpor 
system: Loss of power at Lawtons Valley 
plant made it necessary to use auxiliary source 
consisting of gasoline engines. Plant mp 
on these engines for 3 days before usual souree 
of power restored. Power lost at main pump. 
ing station for about 12 hr.; service maintd, 
without resorting to use of steam pumps. 
Nonquit Pond, one of sources of water, be. 
came salted by sea water flooding over low 
dam which separates pond from sea. Result. 
ing mixt. contained from 1200 to 1500 ppm 
chlorides. While salt content of pond re. 
duced somewhat since storm, more rainfal 
will be needed to return pond to normal condj.- 
tion. Experience proves certain min. re 
quirements must be met by water works 
systems to maint. uninterrupted service fol 
lowing hurricanes. Pumping stations should 
be so equipped that there will be no interrup- 
tion in power of long enough duration 
deplete finished water storage below sal 
limit. Water pumping stations and treat- 
ment plants located near sea, or near water- 
ways where flooding may occur, requir 
special provisions for emergencies. Source 
raw water beyond reach of flooding sea water 
essential. At time of ’38 hurricane, lack 
such source at one plant prevented use 0 
auxiliary steam pumps which could hav 
made up for lack of power from usual sourte 
Lack of fresh water for even boiler use wher 
broken mains drained storage tanks and & 
water contamd. intake reservoir.—Ed. 


(except for 6 elevated tanks with total capa 
of 9.5 mil.gal.) through 4946 mi. of mais 
by two pumping stations with total install 
pumping capac. of 1068 mgd. Water treate 
in 2 rapid sand filter plants with total rate 
capac. of 592 mgd. Revenue from sale\ 
water totaled $8,586,731 or $3.71 per capil 
$26.98 per acct., $1,736 per mi. of main @ 
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$81.71 per mil.gal. Total operating and 
maint. expense of $3,590,255 or $34.16 per 
mil.gal. divided: general plant $0.38; water 
collection and low-lift pumping $2.13; purif. 
$3.38; high-lift pumping $7.35; distr. $6.26; 
repairs and replacements $2.85; commercial 
$4.22; general expense $7.59. Capital ex- 

nse of $4,491,056 includes interest of 
$2,606,911, bonds retired $1,132,000, and 
sinking fund payments of $752,145. Net cost 
of works $123,492,089; bonded debt $62,752,- 
738: value of sinking fund $16,173,703; avg. 
interest rate 4.15%. Income and expenses 
per 1000 cu.ft. (revenue water basis). Reve- 
que $0.73; operation and maint. $0.305; 
fixed charges $0.382; net income $0.043. 
Avg. pumpage 287.90 mgd.; max. 451.11 
mgd.; min. 210.90 mgd. Avg. consumption 
120 gpd. per capita or 694 gpd. per service. 
Operation of 2 plants as follows: 


Water Works Spring- 
Plant Park well 
Purif. Rating, mgd. 320 272 
Avg. water filtered, 154 143 
med. 
Avg. filter run, hr. 39.2 36.9 
Avg. wash water, % 3.03 4.85 
Avg. rate of filtra- 145.5 137.0 
tion, mgd./acre 
Avg. chem. dosage, 
lb./mil.gal. 
Alum 88.5 93.2 
Ammonia 0.63 0.66 
Pre-chlorine 2.45 3.12 
Post-chlorine 1.42 1.51 
Avg. effluent, ppm. 
Turbidity 0.4 0.2 
Residual chlorine 0.10 0.11 
Free CO. 3.1 3.8 
Total alky. 80.6 78.4 
pH 7.7 7.4 
Pumping—Rating, 500 568 
med. 
Avg. pumpage, mgd. 149.7 138.2 
Coal, Btu./lb. 13,846 14,115 
Ash, % 8.42 7.56 
Coal required to 805.7 448.7 


raise 1 mil.gal. 
100’, tons 


During year 5724 new services installed, 103 
removed; net gain 5621. Nine maint. crews 
of 4 men each employed repairing 305 broken 
mains, 182 leaking joints and 915 service leaks. 
One crew employed repairing broken and 
leaking gates and cutting out obsolete gates. 


Hydrant div. inspected 9518 hydrants, re- 
paired 688 leaks, set 124 new hydrants, re-— 
paired 110 defective hydrants and thawed — 
442. Garage maint. force of 6 men cared for 
150 cars and trucks, 2 air compressors, 2 
tractors and 38 trailers, except servicing 
which is done by night emergency crew. 
Foreseeing heavy water demand arising from 
war efforts, plans made early in '41 for in- 
creasing facilities at Springwell station and 
for major water main extensions. Delay in 
obtaining preference ratings made it neces- 
sary to construct temporary pumping station 
of 160-mgd. rated capac., with connecting 
mains for peak-load puniping taking suction 
from clear well filled during off-peak period. 
Springwell project contemplated 1000-hp. 
boiler, 50-mgd. pumping unit, 20-mil.gal. 
reservoir, 6000-kva. power line, 2 filter units 
and 750-lb, per day chlorinator, while feeder 
main project included some 12 mi. of 16” to 
72” mains. Mains laid 48,381’, discontinued 
44,635’; net gain of 3745’ in Detroit. Net — 
gain of 238,276’ outside of city. 
number of salaried employees was 482; per 
diem employees, 578; total 1060. Cost of 
operation and maint. of 20-story Water Board 
Bldg. was $102,359 or 92.1¢ per sq.ft. of 
rentable area. Water Board occupies 7 
floors, remainder occupied by various city 
depts. Sewage disposal system operates 
under jurisdiction of board.—O. R. Elting. 


50th Annual Report (For Year Ending 
September 30, 1943), Munic. Service Com., 
Wyandotte, Mich. Pop. 32,000. Munici- 
pally-owned elec. and water utils. operated by 
5-man board known as Munic. Service Com. 
organized in '26. Comrs. appointed by 
mayor and confirmed by council, one comr. 
being appointed each year. Comrs. serve 
without compensation, re-appointments com- 
mon; one comr. now serving third term. 
From 1893 to '25 utils. under supervision of 
council. Elec. div. had net income of 
$341,408 or 37.74% of revenue received after 
all charges, including depreciation, deducted 

increase of 6% over previous year. Elec. 
power supplied increased 18% over previous 
vear. Elec. plant, with depreciated value of 
$1,871,999, debt free and extension fund of 
$296,831 invested in federal securities. Cost 
of elec. energy to consumer: residence 2.6¢; 
commercial 2.9¢; power 1.8¢ per kwhr., 
subject to 10% annual dividend. Capac. 
of plant 18,300 kva., power generated 31,938,- 
900 kwhr. or load factor of 20%. Depre- 
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ciated plant investment is $102.29 per kva. 
Annual income is 37% of fixed capital invest- 
Water div.’s net income, after all 


ment. 
charges including depreciation deducted, 
$64,132. Assets of div. include depreciated 


plant valued at $1,336,287 and investment of 
$189,374 in federal funds. Div. income of 
$203,402 spent as follows: pumping 9.9%; 
purif. 13.5%; distr. 19.8%; office and admin. 
6.2%; interest 11.7%. Other expense 7.4%, 
net income (surplus) 31.5%. Fixed capital 
(depreciated) $41.76 per capita of $183.56 per 
customer; operating revenue per customer 


$27.76. Avg. consumption 3.454 mgd. or 
106 gpd. per capita. Max. pumping at rate 
of 6 mgd. Plant consists of six 1-mgd. 
rapid sand filters with 1.4-mil.gal. under- 
ground storage and 0.5-mil.gal. elevated 
storage. Pumping capac. of 29.8 mg)d. 
equally divided into 2 pressure dists. Distr. 


system of 92 mi. of 2’’ to 30” mains serves 
746 hydrants and 7280 services.—O. R. 
Elting. 


14th Annual Report (For Year Ending De- 
cember 31, 1943) of the Water Bureau, 
Metropolitan District, Hartford, Conn. Dist. 
organized in '29 includes city of Hartford and 
towns of Bloomfield, Newington, Weathers- 


field, Windsor and East Hartford. Estd. 
pop. served 334,000. Consumption 29,664 
mgd. or 91.3 gpd. per capita. Gravity 


supply. Cost of water per mil.gal. delivered: 
operation and maint. $75.23, fixed charges 
$76.59; total $152.82. Distr. system of 
601.92 mi. of 1” to 48” mains serves 38,116 
meters and 3920 hydrants. Distr. system 
extension of 14.5 mi. of mains. 108 hydrants 
and 1383 meters added to system. This 
includes Rocky Hill Inc. Dist. which was 
consolidated with dist. on Jan. 1, '43.  In- 
cludes 11 mi. of mains, 457 services, 67 hy- 
drants and 450,000-gal. standpipe. Filtered 
and chlorinated water delivered has pH 6.6; 
hardness 8 ppm. Income: sale of water 
$1,612,147; other water revenue $13,398; 
other income $33,175. Total $1,658,722. 
Expense: operation and maint. $512,159; de- 
preciation $277,000; taxes $25,234; debt 
retired $554,522; interest $283,433; miscel- 


laneous $2,098. Total $1,654,448. Trans- 
ferred to surplus $4,274. Fixed capital 
$29,701,150; bonded debt $11,094,000. Con- 


sumption of over 28 mgd. recorded on 199 
days in '43 as against 166 days in ’42. Max. 
rates of 45 mgd. prevailed, based on 6-hr. 
period.—O. R. Elting. 
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8th Annual Report (1943), Little Roc, 
(Ark.) Munic. Water Works. Pop. of city 
98,900; pop. served 123,600. Per capita 
consumption 72 gpd.; 21,278 consumers, 
increase of 682 for year and 5047 since Apr. 
’36 when system installed. System managed 
by 3-man board of water works comrs. 
Income of $841,221 exceeded 42 income by 
$73,589. Fixed assets of $7,330,288 ang 
cash reserve of $777,611 offset by capital 
liabilities and funded reserves of $6,503,227 
Federal grant of $319,002 carried as surplus 
Treated water sales equal 90.6% of produc. 
tion. Treated water production totaled 


3991.6 mil.gal., while sales of raw water 


totaled 422 mil.gal. Surface water supply: 
watershed of 43 sq.mi. Normal rainfall of 
48” furnishes normal runoff of 14  bilgal, 
impounded in storage reservoir of 14-bil.gal, 
capac. 39” pipeline, 35 mi. long, with capac, 
of 25 mgd., delivers water to auxiliary storage 
reservoir of 92-mil.gal. capac. and filtration 
plant of 15-mgd. capac. Water production 
for 43 avgd. 10.94 mgd. with max. day of 
15.64 mil.gal. Water delivered has  tota 
hardness of 24 ppm. Elec. pumping station 
has rated capac. of 12.75 mgd. Distr. system 
of 120 mi. of 4-24” mains and 119 mi. of 1-3! 
mains delivers water to 978 hydrants and 
21,279 services. Fish rearing pond maintd. at 
impounding reservoir. Fingerlings placed in 
pond in May and removed to public fishing 
grounds in Oct. Single planting of 15,00 
fingerlings yielded about 11,000 fish. Break. 
point chlorination to control org. growth in 
supply pipeline continued throughout year. 
Effect of chlorine treatment on carrying 
capac. of main indicates increase in C from 
120 to 137. In July '42 city divided into? 
pumping zones resulting in considerable say- 
ing in cost of pumping. Encouragement 
victory garden program by reduced rules for 
water used from June to Oct. '43 in excess 
that used for corresponding period of "2 
accepted by 1700 consumers.—O. R. Elting. 


31st Annual Report (For Year Endix 
June 30, 1944) of the Pasadena (Calif. 
Water Dept. Dept. organized in ‘12 by 
purchase of 3 water companies. Since the 
it has acquired 33 other systems. Estd. pop 
115,000. Water consumption 15.1 mgd. o 
131.4 gpd. per capita. WPB restrictions o 
materials and shortage of labor reduced nev 
constr. to $62,605. Special rate for victor 
garden irrigation put into effect in '42 com 
30, ‘44, 197 
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applications for garden rates had been ap- 
proved, decline of 882 from °43. This rate 
vides for 6’’ per mo. at approx. one-half 
domestic rate. Distr. system, consisting of 
368 mi. of 2” to 36’ mains, serves 1754 
hydrants and 30,125 services. 57% of water 
obtained from wells and 43% by gravity from 
Arroyo Seco and Eaton Canyons. Gravity 
yield nearly double 30-yr. avg. due to two 
consecutive wet years. Rainfall for ’42—'43, 
33.33; 43-'44, 25.53”. 62-yr. avg., 20.94”. 
In Nov. '42 electors approved charter amend- 
ment appropriating for general city purposes 
6% of income from sale of water. Gross 
revenue was $1,062,335, increase of $39,755 
over '42—'43. Operating and maint. expenses 
$775,865, increase of $13,940. Fixed assets 
$7,796,927; depreciation reserve $3,033,432; 
net $4,763,495. Total liabilities $129,909. 
Surplus of $6,902,675 includes $1,508,500 
of federal and munic. bonds to finance emer- 
gencies and future constr.—O. R. Elting. 


Report of the Power System, Dept. of 
Water & Power, Los Angeles, Calif. (Fiscal 
Years Ending June 30, 1943 and 1944). 
Revenue from sale of elec. energy in ’43, 
$37,399,385; in '44, $39,638,917. Operating 
expense in '43, $14,759,182; in "44, $16,311,984. 
Net income for $11,296,664, for ‘44, 
$11,472,218. Increase due largely to demand 
of indus. users. Defense Plant Corp., 
aluminum reduction plant, represented 28.1% 
of total kwhr. sold in ’42—'44 as against 16.7% 
in '42—'43, with corresponding revenues of 
10.5% and 8.3% of total revenue. However, 
this contract to terminate Nov. '44. June 
30, 44, assets of $269,282,547 include plant 
(first cost) $227,366,610 and $22,938,752 cash. 
Funded debt $112,901,766. Reserve for 
depreciation and deferred maint. $49,779,052. 
Earned surplus $99,000,668; elec. energy 
generated 3,535,591,692 kwhr. in °43 and 
4,134,216,727 kwhr. in '44. Customers 538,- 
887 in and 554,035 in 2.51% increase. 
Avg. billing price per kwhr.: residential 2.78¢ 
in 2.50¢ in commercial 1.79¢ and 
1.64¢, resp.; indus., except aluminum plant, 
0.83¢ and 0.75¢ for '43 and '44. 460,000 
residential meters now read bi-monthly; change 
from monthly reading will result in estd. 
annual saving of $250,000.—O. R. Elting. 


Spartanburg (S.C.) Water Works Report 
(For Year Ending June 30, 1944). Operated 
under 3-man board of water comrs. Serves 


city of Spartanburg, Camp Croft and number 
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of industries outside of city sii in 


producing essentials of war. Depreciated 
value of plant $2,324,400; indebtedness — a 
$1,194,000; annual income $321,530; 


operat-_ 
ing expense $226,056, or $106.12 and $76.53 — 5 
per mil.gal. Avg. consumption 8.092 mgd. 
8500 meter connections, 206 mi. of mains and 
708 fire hydrants inside of city; mains outside _ 
of city not listed. New plant put into service — 
1 '26 increased normal capac. of 3 mgd. to 6 


mgd. Again in '39 plant extensions increased 
it to 9 mgd. Max. summer consumption of | 
9.30, 9.15, 


10.0 and 10.50 mgd. occurred in ’ 
41 to '44 inclusive, as against 5.80 and 500 
mgd. max. in ’39 and '40. Surveys made for — 
expansion in steps as needed to 30-mgd. 
capac. Reserve of $312,800 set aside from 
surplus for plant addns. and replacement to — 
increase plant capac. to 10 mgd. by addnl. 
pumping equip. and settling basin; addnl. 
storage reservoir; water main constr. In-| 
vestments totaling $231,000 now available 
for this work. Net income for year, after 
depreciation and interest charges, $95,473. 
O. R. Elting. 


Greenville (S.C.) City Water Works. 
Auditor’s Report (For Year Ending July 31, 
1944). Net profit from operation $184,324. 
This compares with $179,073 for 43. Of this — 
sum $160,000 applied to capital charges and — 
$793 to addns. to plant. Value of plant and — 
equip. $5,079,197. Total assets $7,357,886. 
Bonds outstanding $5,426,000. Assets to _ 
apply to bonded debt $2,162,578. Net — 
bonded debt $3,263,422. Surplus (excess — 
assets over liabilities) $1,851,317.—O. R. 
Elting. = 


35th Annual Report (1944) of the Water — 
Dept., Village of Oak Park, Ill. Water pur- | 
chased from city of Chicago on metered — 
basis delivered to village at Austin and North 
Blvd. through five 12”’ meters. Three other 
emergency connections assure protection to 
supply. Pump station at Lombard Ave. and 
North Blvd. houses 8 motor-driven pumps 
with combined capac. of 24 mgd., boosting 
pressures on avg. of 25 psi. Adjacent storage 
reservoir of 5-mil.gal. capac. Increase of 
3.5% in unaccounted flow over '43 due prin- 
cipally to fact that curtailment of critical 
materials and manpower shortage has pre- — 
vented close follow-up on leaking services and © 
meter so essential for water conservation, 
Estd. pop. 69,000; consumption 5.704 mgd. 
or 82.7 gpd. per capita. 107.4 mi. of mains © 
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supply 12,011 meters and 1135 hydrants; 1 
service added in ’44. System 100% metered; 
water sold 85.2% of total. Total income 
$418,160. Expense: purchase of water $153,- 
405; operation and maint. $85,486; interest 
$2,495; depreciation $36,575; total $277,961. 
Transferred to police and fire funds $148,734; 
net loss $8,534. Fixed assets original $1,264,- 
525; less depreciation $286,134. Liabilities, 
bonds and deposit funds $78,843. Net worth 
$482,229.—O. R. Elting. 


Annual Report (For Year Ending Decem- 
ber 31, 1944), Des Moines (Iowa) Water 
Works. Operates under 5-man board of 
trustees. Pop. 180,627; consumption 16.95 
mgd. or 93.8 gpd. per capita. Water under 
pressure of 38 to 118 psi. delivered through 
429 mi. of 4” to 36” mains (1.3 mi. laid in 44) 
to 3666 hydrants and to 39,506 services, 
99.5% metered 86.89% of water pumped 
accounted for. Gross income $1,018,567; 
operation and maint. $395,180; net income 
$623,387; depreciation $120,687; interest and 
sinking fund $295,000; surplus $207,700. 
Plant, less depreciation, $7,446,930; total 
assets $8,526,388. City’s equity $4,452,459. 
Pumping max. 28.9 mgd.; min. 6.9 mgd.; 
avg. 16.95 mgd. against 276.955’ head. 
Coal 15.65% ash; 8921 Btu. as fired. Evapn. 
ratio 5.69; coal per 1000 gal. pumped 3.52 Ib.; 
boiler and stoker eff. 69.3%; station steam 
duty 115.49; over-all thermal eff. 9.46%. 
Tap water avg. 0.671 bacteria per ml. at 
37°C. with no coliform organisms. Total 
hardness: max. 400, min. 260, avg. 231 ppm.; 


pH 7.35. Rainfall 36.81", 4.83’ above 
normal. Air temp. avg. 51° F., max. 88°F., 
min. O0°F. Water temp. avg. 55°F., max. 


70°F., min. 42°F.—O. R. Elting. 


Elgin (Ill.) Water Dept.—Statistical Data 
on Pumpage and Treatment of Water (1944). 
Total pumpage of 5 stations 2.69 mgd. or 
67.1 gpd. per capita avg.; 5.25 mgd. max.; 
max. rate 9.38 mgd. Avg. rate of filtration 
1.84 gpm./sq.ft.; filter runs 134 hr. Water 
sold 79.1% of water pumped. 67% of all 
water softened and pumped at Slade Ave. 
Station. Chem. characteristic at this station 
for raw and treated water, resp.: phenol 
alky. 0 and 22.5 ppm.; methyl orange alky. 
294 and 105 ppm.; total hardness 278 and 88 
ppm.; total normal carbonates 0 and 45 ppm.; 
pH 7.2 and 9.1. Cost of water softening per 
mil.gal.: lime $12.53, alum $2.43, chlorine 
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$0.33, oil and coal $1.39, labor $10,097 
electricity $3.41. Total $30.16. Over-alj 
cost of all water pumped per mil.gal.: elec. 
tricity $30.65, labor $27.96, fuel $0.75, plan 
treatment $11.58. Total $70.94.—0O. R 
Elting. 


Annual Report (For Year Ending Decem- 
ber 31, 1944) of the Water Dept. of the City 
of Seattle, Wash. Estd. pop. served 524,265. 
Estd. consumption 69.42 mgd. or 132 gpd. per 
capita. Water mains 2” to 96” in diam, 
total 1153 mi. serving 103,170 services (100% 
metered) and 10,399 hydrants. In ‘44, 134 


mi. of mains, 45 hydrants and 2129 services } 


added to system. Demand for water 6.4% 
over 43. Operation of water dept. most suc. 
cessful year both from financial and opera- 
tional view. Peak-day consumption was 
147.2 mil.gal., 12° increase over previous 
high. Unit cost of delivering water lowest on 
record. Increased vol. and lowered unit 
costs resulted in all-time high annual surplus 
of $593,269. Manpower shortage of 25% 
offset by great devotion of old-time employees, 
Revised regulations of U.S.P.H.S. required 
500% increase in lab. tests. Gross operating 
revenue $3,094,695; non-operating revenue 
$53,039; operating expense $731,115, in 
cluding $100,000 for deferred maint. Net 
income of $2,412,519 (increase of $204,955 
over '43) disposed of as follows: depreciation 
$616,827; interest on bonds $167,011; amort- 
ization of franchise and bond discounts $9,744; 
budget transfer by special ordinance $250,000, 
city occupational tax $92,438; sewerage serv- 
ice tax $576,000; general fund service tax 
$45,030. State util. and occupational tar 
$67,300 (total taxes $1,030,768), leaving net 
income of $593,269 added to surplus account 
totaling $13,056,599 at end of year. De 
preciated net value of resources $23,387,432 
Outstanding bonds $3,869,000. Tap water 
total hardness 24.5 ppm.; pH 7.1; Cl 3.1 ppm 
Cost of water delivered per mil.gal.—opere 
tion, maint. and depreciation—$53.07; tota 


$100.53.—O. R. Elting. 


Annual Report, Hamilton (Ont.), 194 
Anon. W.W. Inf. Exch.—Can. Sec. A.W 
W.A. 6: E: 9: 14 (Dec. '44). Data from re 


port of W. L. McFaul, City Engr. Pop 
167,830. Water supply from L. Ontaric 
subjected to mech. gravity filtration. Mas 


consumption 31.9 mgd. and avg. 24.57, equit 
to 146.4 gpd. per capita. Avg. pressure & 
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psi. Chems. used (lb.): alum 75,775; am- 
monium sulfate 49,886; Cl 45,542. Wash 
water 1.9%. Operating cost $780,181.52, 
including debentures and depreciation, equiv. 
9 8.7¢ per 1000 gal. Capital expenditures 
to date $9,787,721.65.—R. E. Thompson 


Annual Report, Windsor (Ont.), 1942. 
jwon. W. W. Inf. Exch.—Can. Sec. A.W. 
W.A. 6: E: 10: 16 (Dec. ’44). Municipalities 
supplied : Windsor, Sandwich West, Ojibway, 
LaSalle, Sandwich East and Riverside. Con- 
sumption 82.7 gpd. per capita. 10.8 valves 
per mi. of main, or avg. of 493’ between each. 
Avg. linear ft. 
of pipe 46.7’. Great majority metered. 
{0 hydrants per mi. of main. Raw water 
pumped 10.93 mgd.; wash water 0.31 mgd. 
\yg. turbidity 42 ppm. Chems. used: alum 
13 gpg.; Cl 12,524 lb.; ammonium sulfate 


9962 Ib. Avg. rate of filtration 124.5 mgd. 
Water filtered between backwashes 3.8 
nilgal. Avg. filter run 22 hr. 55 min. 


Increase in loss of head between backwashes 
46’. Wash water used 2.8%. Gal. filtered 
gr sq. ft. sand per 1’ loss of head, 670. 
filters in service 55% of total possible hours— 
ut 1% for backwashing and 1% for maint. 
Items in water works dollar expenditure: 
filtering 12.60¢; pumping 18.73¢; distr., 
maint., etc., 7.86¢; meter reading 1.36¢; 
admin. 11.54¢; debenture payments 37.40¢; 
depreciation 2.23¢. Fire protection charges: 
1.5 mills on all rateable assessment, equiv. to 
$68.61 per hydrant. Water rate arrears less 
than 3%. Book assets $1,870,708.95. Reve- 
nue $575,654.55.—R. E. Thompson. 


Annual Report, Winnipeg (Man.), 1942. 
W.W. Inf. Exch.—Can. Sec. A.W.W.A.. 6: 
E: 5: 8 (July °44). Supply from Greater 
Winnipeg Water Dist., treated with Cl and 
NH;. Avg. consumption 16.18 mgd. (71.8 
gpd. per capita) and max. 22.42. Pressure 
70-75 Ib. Unit maint. costs: valves $3.69, 
hydrants $6.36, services $0.88, meters $0.64.— 
R. E. Thompson. 


Annual Report, Brockville (Ont.), 1943. 
Avon. W. W. Inf. Exch.—Can. Sec. A.W. 
W.A. 6: E: 2: 4 (May 44). Avg. daily con- 
sumption 2.87 mil.gal., through 3209 services, 
largely unmetered. Total water revenue 
$42,942.79. 
30% of net income. 

R. E. Thompson. 


Profit $13,843.45, equivalent to 
Total assets $535,378.66. 
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Annual Report, Guelph (Ont.), 
Anon. W.W. Inf. Exch.—Can. Sec. A.W. 
W.A. 6: E: 6: 10 (July '44). Supply from > 
springs and deep wells, chlorinated. Avg. — 
consumption 4.14 mgd. (178 gpd. per capita) 
and max. 4.78. Pumping costs $11.33 per 
mil.gal.—R. E. Thompson. 


Annual Report, Owen Sound (Ont.), 1943. 
Anon. W.W. Inf. Exch.—Can. Sec. A.W. { 
W.A. 6: E: 7: 11 (Nov. "44). Pop. 14,002. 
Water supply from river (filtered) and springs — 
(chlorinated only). Avg. consumption 2.34 
mgd. (1.43 from spring supply). 167 gpd. 
per capita. Cost per 1000 gal. 2.13¢. Reve- 
nue 3.719¢.—R. E. Thompson. 


Annual Report, Stratford (Ont.), 1943. 
Anon. W.W. Inf. Exch.—Can. Sec. A.W. 
W.A. 6: E: 1: 1 (May '44). Supply from 
wells. Pop. of 17,161 supplied through 4537 
services, mostly metered. Consumption to-— 
taled 650 mil.gal., equivalent to 104 gal. per 
capita. Cost of water 6.2¢ per 1000 gal., 
including 1.11¢ for debt charges. Revenue 
13.43¢ per 1000 gal. Rates range from 4.5 _ 


to 15¢ per 100 cu.ft., less 10% for prompt — : 
payment. Min. gross monthly bill net 
Total assets $698,526.52, equivalent to $40.70 


per capita. Debenture balance $77,500. 
Surplus $124,543.56. Depreciation reserve 
$84,502.64. Sinking fund reserve $66,100.60. 

—R. E. Thompson. 


Annual Report, Tisdale (Ont.), 1943. 
Anon. W.W. Inf. Exch.—Can. Sec. 6: E: 4: | 
6 (July ’44). Water supplied to South Porcu- © 
pine and Schumacher, former from springs and 
latter from Mattagami R. Total revenue 
$65,847.81, including $32,573.47 provided by 
municipalities from tax levy for ddenneee. 
debt charges, allexpended. Pop. of township 
9170. Largely metered.—R. E. Thompson. 


Annual Report, Welland (Ont.), 1943. | 
Anon. W.W. Inf. Exch.—Can. Sec. A.W. | 
W.A. 6: E: 8: 12 (Nov. '44). Supply from _ 
Welland Canal. Purif. plant includes 2 — 
coagulation basins (0.5 mil.gal. each), 5 © 
mech. gravity filters (1.5 mgd. each), and 
2.11-mil.gal. clear water storage. Water © 
supplied to city and Crowland and Thorold ; 
Twps. Pop. served 23,135 (15,780 in city). . 
Avg. pumpage 3.12 mgd. Consumption 
84.3 gpd. per capita, exclusive of indus. 
and commercialuse. Water delivered through | 
meters 39.9% of total. Avg. Cl and alum 
dcsages 0.9 ppm. and 1.47 gpg., resp. An-_ 
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hydrous NH;, activated C, lime and SO: also W.A. 6: E: 11: 20 (Feb. '45). Pop. 3109. 
used. Revenue $86,881.03. Expenditures Supply from Lake St. Louis. Purif. plant 
$80,572.83, including capital charges. Cost with 1.5-mgd. capac. (U.S.) includes 2 ¢Q. 
of water in cents per 1000 gal.: purif. and agulation basins providing 2 hr. 40-min. 
pumping 1.885; distr. 0.604; admin. 1.012; _ retention, 4 filters (2 contg. sand and 2 anthra- 
debt charges 1.787; bldgs. and grounds 0.390; filt) and chlorinator. Avg. pumpage 0,66 
total 5.678. Total assets $620,186.68. Anal. mgd. and max. 1.2. Per capita consumption 
of latter included.—R. E. Thompson. 200 gpd. Avg. chem. dosages: alum 2.76 — 
gpg. (max. 3.3); lime 0.67 gpg.; Cl 0.35 ppm, Vol 
Annual Report, Woodstock (Ont.), 1943. Avg. filter run 42 hr.; max. 70, min. 22. 
Anon. W.W. Inf. Exch.—Can. Sec. A.W. Avg. increase in loss of head between back. g 
W.A. 6: E: 3: 5 (May '44). Supply from washes 4.6’. Wash water used 2.250. 
springs, with wells for emergency, chlorinated. Revenue: total $19,131.11; per  mil.gal, 
Pop. supplied 15,875; 2959 outside munici- $79.61; per capita $6.17. Expenditures: 
pality. Pressure 80 psi. domestic, 120 fire. total $25,540.12; per mil.gal. $106.28; per 
Avg. pumpage 1.84 mgd. (120 gpd. percapita) capita $8.24. Raw water anal. in ppm.: 
and max. 2.72. Largely unmetered. To- color 40-80, avg. 50; hardness 40; alky. 30: 
tal revenue $39,879.01 and expenditures turbidity 15-30, avg. 25; COs 6; pH 6.8-7.3, 
$30,694.82. Total assets $479,355.13 ($37.10 avg. 7.0. Filtered water: color 0-10, avg, 5; 
per capita). Surplus acct. $108,042.25. hardness 45; alky. 12; CO2 10; pH 5.6-6,3. 
R. E. Thompson. avg. 6.0. Chlorinated water: color 0-10 
avg. 5; hardness 60; alky. 45; COs 4; pl! 
Annual Report, Dorval (Que.), 1944. 7.0-8.0, avg. 7.5. Water temp. 30-70°F, 


Anon. W.W. Inf. Exch.—Can. Sec. A.W. R. E. Thompson. > ) 
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A.W.W.A. CODE OF PRACTICE 


Within the next 30 days, each member of the Association will receive a copy of the 


Code of Practice, adopted by the A.W.W.A. Board of Directors in January, made up in a 


form suitable either for framing or for permanent filing. It will be mailed in a tube, with- 


be: 


out conveying letter, free of charge. 
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LOOK TO A FUTURE 


BW VADISI: 


When adequate free available chlorine residuals are carried 
throughout the system, waterworks engineers can look with confi- 
dence to a future of uniformly negative presumptive tests. 

Over four years’ practical field experience has shown that 
such results are possible and that Break-Point Chlorination best 
provides the reliable control and flexibility for accomplishment. 
- _ planning for safer and better water in your community call 
| o your W&T Engineer for full information in the use of free 
available chlorine residuals — a way toa iy 


future with never a positive. 


ss “The Only Safe Water is a Sterilized Water” 
@ 


WALLACE & TIERNAN COMPANY, 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Newark 1, New Jersey * Represented in Principal Cities : SA-] 


od 


— 
with never a POSITIVE ! 


